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METHOD OF USING EOKABYOTIC 
EXPRESSION VECTORS COMPRISING THE 
BKVIRDS ENHANCER 

This applicadoo is a divisioa, of qiplication So: Na 3 
filed Mar. 9, 1994 wfaidi is a ccmtinoatioa of 
^jplication Set No. 07/368,700, filed Jan. 20» I9S9, now 
abandoned, which is a condnnadon in pot of j^jplicadon 
Set No. 07/250,001, filed Se^ TJ, 1988, now abandoned, 
which is a condnnadon in pait of applicad<ai Set: No. lO 
07/129.028, filed Dec 4, 1987, now abandoned, which is a 
condnuadon in part of apfdicadon Set No. 849,999, filed 
Apr. 9, 1986, now abandoned. 

BACKGROUND OF THE INVENTK3N is 

The present invention concerns a method of using the BK 
enhancer in the presence at an inunediate-early gene product 
of a large DKA virus to increase transcnption of a recom- 
binant gene in enlcaryotic host cells. The BK enha nc e r is ^ 20 
defined segment of DNA dial consists of duee repeated 
sequences (die fffototype BK enhancer is depicted in 
Exan^ile 17, below). However, a wide variety of BK 
enhancs' variants, not aH consisting of three repeated 
sequences, are known in die art and suitable for use in die ^ 
invendott. 

The BK enhancer sequence exemplified herein is obtained 
from BK virus, a human pj^vavirus diat was first isolated 
from die urine of an immunosi^ipressed psdent BK virus is 
suspected of causing an uni^iparent childhood infecdon and 
is ubiquitous in the human population. Although BK virus 
grows cpdmally in human cells, die virus undergoes an 
abordve cycle in non-primate cells, transforms rodent cells 
in vitro, and induces tumors in hamsters. BK virus is very 
similar to SV40, but die enhancer sequences of die two 35 
papovaviruses, SV40 and BK. differ substantiany in nude- 
odde sequence. The complete nudeodde sequence of BK 
virus (-5.2 Ub) has been disdosed by Seif et aL, 1979» Cell 
18:963, and Yang and Wiu 1979, Science 206:456. PSrototypc 
BK vims is available tern die American Type Odnire ^ 
CoUccdon (ATCQ, 12301 Paridawn Dr., Rodcvillc, Md. 
20852-1776, under die accession number ATCC VR-837. A 
rcstdcdon site and fhnction map of prototype BK virus is 
presented in FIG. 1 of the aocompanyittg drxwings. 

Enhancer elements are cis-acdng and increase die level of 43 
transcription of an adjacent gene firom its promoter in a 
&shion that is rcUtivdy independent of die position and 
orientadon of die enhancer elcmenL la fact, Khoury and 
Gruss, 1983, CeU 33313, state diat "Ihc remarkable ahdity 
of eidiancer sequences to function q>stream from, within, or so 
downstream from eufauyodc genes distinguishes them from 
classical promoter elements ..." and suggest diat certain 
experimental results indicate dut ^'enhancers can act over 
considerable distances (perhaps >10 U)).* 

The present invention teaches diat unexpected hicreases SS 
in transmption result upon positioning the BK enhancer 
immediately upstream of (on die 5* side of) die "GAAP 
region of a cukaryotic promoier tiiat is used in tandem widi 
the BK enhancer to transcribe a DNA sequence encoding a 
useftU substance. The CAATregion or "immediate tq)siream to 
region* or "-80 homology sequence" is a ds-acting 
upstream dement dut is a conserved region of nuaeotides 
observed in promoters whose sequences for transccipdonal 
activity have been dissected. The CAAT region is found in 
many but not all, promoters. In odier promoters, equivalent 65 
ds-acting upstream elements are found, indading SPl hind- 
LDg sites, die ocu sequence, nuclear factor 1 binding sites. 
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the API and AP2 homcdogics, glucocortlccid response 
d emegts , and heat shock leaponse glnnfirts. The GAAT 
region equivalent in tfie adeaovims xoajor late promoto is 
the iq)stream transcription factor (XTTF) binding site 
(qspraxiniatB nucleotides -50 to ^5 i^stream of the CAP 
site). The CAAT sequence mrrfffltcs the efficiency of tran- 
saction and, widi few exceptions^ cannot be d^lrtpd with- 
out decreasing pronu^er stcengfh. 

Enhancer elemftnts have been identified in a number of 
viruses, including polyoma virus, papilloma virus, 
adenovirus, retroviius, hepatitis virus, cytomegalovirus, her- 
pes virus, papovaviruses, such as simian virus 40 (SV40) 
and BK, and in many non-viral genes, such as within mouse 
immnnoglobulin gene introns. T^nhanriT elements may also 
be present in a wide variety of other organisms. Host cells 
often react differently to d iffeieai t enhancer elements. This 
cc Hn la r specdficiQ^ indicates that host gene products interact 
with the enhancfT element dsring gene expression. 

Rnhanrrr elements can also interact with viral gene 
products present in the host celL Veictch and 2iff, I9S3 , Cell 
40:705; Bocrelli et aL, 1984, Nature 3 12:608; and Hen et al., 
1985, Science 230:1391, disdose that the adenovirus-2 early 
region lA (ElA) gene products repress activation of tran- 
soiptiott induced by . the SV40, polyoma virus, moose 
immunoglobulin gene and adenovirus-2 ElA enhancers. 
Enkaryotic expression vectors that ntiUrrti enhancers to 
increase transa:q>tion of recombinant genes consequendy 
were not expected to work better than vectors without 
enhancers in ElA-ctmtainittg host ceOs. In striking contrast 
to the prior art me&ods of using enhancers, the present 
method for using the BK vims enhancer element involves 
using the ElA gene product or a g^wniar immediate-early 
gene product of a large DNA virus to maximize gene 
oqsression. Thus, the present invention teadbes that the 
atiliSy of the BK enhancer to promote transcription of DNA 
is increased In the presence cf the ElA gene product of any 
adenovirus. 

The ElA gene product (actually, the ElA g«ie produces 
two products, which are collectively referred to herein as 
*^e ElA gene product^ is an immediate-eariy gene product 
of adenovirus, a large DNA virus. The present invention 
encompasses Uie use of any immediate-eady gene product of 
a large DNA virus that Actions similarly Co the ElA gene 
product to Increase the activity of the BK enhancer. The 
herpes sin^cx virus ICP4 protein, described fay DeLuca et 
al, 1985, MoL CdL BioL 5: 1997-2008, the pseudprabies 
virus IE protein, described by Feidman et aL, 1982 ENA.S. 
79:4952-4956, and tiie ElB protein of adenovirus are all 
immediate-early gene products of large DNA vzmses that 
have Auctions similar to the ElA protein. Therefore, Che 
method of the present invention includes die use of the ICP4, 
IE, orElB proteins, either in the presence or absence of ElA 
protein, to increase the activity of the BK enhancer. 

SUMMARY OF THE INVENTION 

The present invention concerns a method of using the BK 
vims enhancer in the presence of an immedtBte-early gene 
product of a large DNA vixus, such as the EIA gene product 
of adenovirus, for piitposes of increasing transcrqition and 
expression of recombinant genes in eulcaryotic host ceBs. 
Another jrfgnifirftnt aspect of the present invention relates to 
a variety of expression vectors that utilize the BK enhancer 
sequence in tandem with a eukaryotic promoter, such as the 
adenovirus late promoter (MLP), to drive eqvession of 
uscfiii products in eukaryotic host cells. Many of these 
expression vectors cou^zise a BK enhancer-adenoviras late 
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promoter caCTCfte, which can be rcadfly tranif erred to othc 
vectozs for use in the present method. Hie vezsatility of ihe 
present expression vectcrs is demonstrated by the high-Ievd 
expression ddven by these vecton of sudi diverse proteins 
as chloranqihenicol aoetyltransfecaser protein C, tissne plas- 
minogen activatQz; and modified tissue plasminogen activa- 
tcH: 

In ttte construction of certain vectors of the iave&tion, the 
BK enhancer and SV40 i^nh^ntrr were placed in fa'Ti/ti»m at 
the front (5*) end of &e MLP, itself positioned to drive 
expression a recombinant gene on a recombinant DNA 
c^ffession vectox: This tandem placement yielded onesqpect- 
edly higher levels of expression in cells that did not express 
the immediate-eaxiy gene product of a large DNA virus. 
Consequendy^ a further aspect of the invention is a method 
of producing a gene product in a recombinant host cell that 
cojBpsises transfonning the host cell with a recombinant 
DKA vector that ccm^prises two different enhancers ph *yr4 at 
the 5' end of the coding sequence for the gene product and 
culturing the transformed under conditions that allow 
for gene expression. 

The practxce of the invention to cApi e s s human protein C 
in adenovxrus-transformed cells led to the discovery that 
such cells are especiaUy preferred hosts for the production of 
y-carboxylated proteins. Consequently, a further aspect of 
die invention comprises a method f maidng T-carbcxylated 
proteins. 

Yet another important aspect of die present invention 
concerns a method of increasing the activi^ of the BK 
enhancer relative to an adjacent eulcaryotic promoter and is 
illustrated using the BK enhancer-adenovirus-2 late pro- 
moter cassette. These derivatives woe constructed by enzy- 
matic treatment that positioned the BK enhancer very dose 
to the CAAT region of the adenovxrus-2 late promotex: 
Dramatic increases in expression levels, as 0Qn:^)aied with 
constructions diat lade this positioning, were observed when 
these modified BK enhancer-adenovirus late promoter 
sequences were incoxporated into expression vectors and 
then used to drive expression of useful gene products in 
eukaryotic host cells. Thus, the present invention provides a 
method for increasing the activity of the BK enhancer 
relative to on adjacent eulcaryotic promoter that campdses 
positioning the enhancer immediately upstream, witiun 0 to 
about 300 nucleotides, of the 5* end of die CAAT region or 
CAAT region equivalent of the eukaryotic promoter. 

Yet another aspect of the invention results from atten^its 
to increase expression of recombinant products encoded on 
the vectors descxibed herein by incorporation of portions of 
die tripartite leader sequence of adenovirus into those 
expression vectors. Significant inoeases in expression result 
when the first part of the tr^artite leader of adenovirus is 
encoded into a recombinant DNA expression vector, and 
such e:q7ression can be further increased in some situations 
by action of die VA gene product of adenovirus. 

An additional aspect of die present invention con c erns a 
method of amplification of genes in primate ceUs. The most 
widdy used method for gene amplification enploys the 
murine dihydrofolate reductase gene for selection and 
amplification in a dhfr defidcnt cell line. Human polypep- 
tides often require post-translational modifications which 
occur most efOcientiy in primnte cells, yet most primate cells 
cannot be directiy selected or amplified using only the dhfi: 
systean. The present invention provides a method wherein 
the primate cells are first isolated using a directiy sdectable 
marker, then amplified using the dhfr system, thereby sig- 
nificanUy increasing the esqnession levels from primate 
ccUs. 



™ naioues than the plasma^doivcd human pcotem 

^encodes an artivay that confen reristance to an S- 

into a recomtanaatDNA cloning vectctt '«™"'«»'J«A 

<lhfr— dihydrofolate rwlnctasc 
of ftr^«H'^*'^'f°*^«**SV40 eadyjffomoter 

f«S^^ "^^'^""^P'^**^ »8«e con- 

„if^' '^'''^ vaii»-« virus Oat infects calcatyotic cdls 

and hM agenone greater than -10 kb in sizH^yofS 
pox viruses, adenoviruses, and hopes vfa^. ^ 

abo^^.^^ ^ adenovirus, which is 

abo rrfoied to herein « the late pnmroter of adcnovituj 
NcoR— the neonqrcin resistance^nfcaing gene, which 
^alsobeusedtoconf«rG418i«istancein 

oti— aplasmid origin of replication. 
pA-aDNA sequence encoding apolyadenyJIation signal 
D^t^t^"^ ^ ^cnpti^n of 

re^S^^*i^^A °«"^8 Vector-any antoSomousiy 
^u^tag or integrating agent chat comprises a DNA moZ 

^ve^faS:r"^"''^"°^°^«-'- 
RecotnWnsnt DNABqaesaion Vector-^y recombinant 
DNA cloning vector comprising a promoter and assoeSS 
uuationsue, into which a DNA molecule that 
nseful product can be inserted and cxpnssed. " 

Recombinant DNAVector-any recombimmt DNAdon- 
ing or ejqffession vector. 

Rqsllcon— any DNA sequence that controls the r»lic». 
non of a recombinant DNA vectoc 

Restriction rragriicnt-any linear DNA generated by the 
action of one or more restriction en^Fmes. 

riWA — libosomal libonndeic add. 

Sensitive Host Cdi-^ host cdl that cannot grow in the 
p^ence of a ffven antibiotic or other toxic compound 
without a DNA segment that confen resistance thwST 
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Structoral Gcn&— any DNA sequence that encodes a 
polypqjtide, indusive of that DNA encoding the start and 
stop codons. 

Structural Polypeptide — any useful polypeptide, 
including, but not limited to, human protein C, tissue plas- 
minogen actxvatoi; jngniin^ toambomodaHn , fader Va or 
factor Vma. 

TcR — the tetracycUne-rcsistant pgenc type or gene con- 
femng same. 

TVati ffFnrmant-^ igrfjTic"* host cell that has undergone 
tcansfoaoation. 

Transformation— the introduction of DNA into a redolent 
host cell 

tRNA — transfer ribonucleic add, 

BKEF DESCRIPIION OF THE FIGURES 



FIG. 1 is a restriction site and function map of BK virus. 
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FIG. 9 depicts the construction and presents a restriction 
site and function joap of plasmid pL133. 

FIG. 10 is a restriction site and function map of plasmid 
pLPC 

FIG. U is a restriction site and fionction map of plasmid 
pLPC4. 

FIG. 12 is a restnction site and function m^ of plasmid 
pSV2hyg. 

FIG. 13 is a restriction site and function m^ of plasmid 
pt-Pdyg. 

FIG. 14, parts 1-3 depict the construction and presents a 
restriction site and function map of plasmid pBWBZ 

FKj. 15 is a restriction site and function map of plasmid 
pUOdl. 

FIG. 16 is a restriction site and function m^ of plasmid 
phd- 

FIG. 17 is a restriction site and function map of plasmid 
fO»CElA. 

FIG. 18 is a restriction site and function Toap of plasmid 
pBLT. 

FIG. 19 is a restriction site and function map of plasmid 
pBLThygl. 

FIG. 20 is a restriction site and function map of plasmid 
pBLTdhJ&rX, 

FIG. 21 is a restriction site and function map of plasmid 
PTPA602. 

FIG. 22 is a restriction site and funrtion map of piasmid 
pTPA603. 

FIG. 23 is a restriction site and ftinction map of plasmid 
phdTPA. 

FIG, 24 is a restriction site and function map of plasmid 
phdMTPA. 
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DEIMLED DESaOPnON OF THE 
INVENTION 

The present izivcntion concerns an ioproved method for 
prcdndttg a useful substance in a eolcaxyotic host cell 
wherein said cell is txansfonned with a recombinant DNA 
vector that com|xnses a eokaiyotic promoter, a BK enhancer 
positioned to st^xiulate said promoter, and a DNA sequence, 
that encodes said useful substance, said sequence being 
positioned for aqmsion from said promoter, and wherdn 
said cell containing said vector is cultured under conditions 
suitable for cqoession of said nsefol sidsstance, whercta the 
improvement coompdses: (a) providing said cdl with a DNA 
sequence iat codes for the caqncssion of an Lmmediate- 
eady gene product of a large DNA vims; and (b) culturing 
said cell of step a) under conditions suitable for expressing 
said gene product and stimulating the activity of said 
enhancei; IDiose skilled in the ait recognize that many 
established cell lines eatress an immediate-early gene prod- 
uct of a large DNA virus and that sudi cell lines are 
especially useful in the present method. Thus, the present 
invention also oon^oises an improved method for producing 
a use&l substance in a eukaryottc host oeH wherein said cell 
is transformed with a recombinant DKA vector that com- 
prises a eukaxyotic promoteTi a BK enhancer positioned to 
stimulate said promoter, and a DNA sequence tot encodes 
said useful substance, said sequence being positioned for 
expression from, said promoter, and wherein said cell con- 
taining said vector is niltnrH under conditions suitable for 
expression of said useful substance, wherein the improve- 
ment conqnises: (a) inserting said vector into a eukaiyotic 
host cell that eaqpresses an immediate-eaiiy gene product of 
alaige DNA virus, and (b) cultunng said cell of step a) under 
conditions suitable for esqiressing said gene product and 
stimulating the activity of said enhanoec 

An important aspect of the present invention is the novel 
grov^ of e^qiression v e ct ors that cozcpiise the BK enhancer 
sequence in m^^™ widi die adenovirus-2 late promoto: 
The expression vectors of the present invention were con- 
structed so that DNA molecules encoding useful products 
caa be or have been readily inserted into the vectors in the 
cooect position for esqiression. Furthermore, the BK 
enhancer sequence and eukaiyotic pramoter have been con- 
structed to farm a **cassette»** which can be isolated from the 
expression vecton on arelatively small restdcdon fra gmen t 
The cassette can be readily shuttled between a variety of 
expression vectors. Hie expression vectors specifically 
gTwnpKfied hexein utilize the adenGviius-2 or BK late 
promoter in the BK enhancer-enkaryotic promoter, cassette 
that dtives transaction in the method of the present inven- 
tion. 

Although BK vinis (ATCC VR-837) can be purchased or 
readily isolated in laige quantities as described in Exanqile 
1, it is also convenient to clone die BK viral DNA onto a 
plasmid doning vector and use the recombinant vector as a 
saoFce of BK viral DNA sequences, Consequenfly, BK viral 
DNA was digested with restriction enzyme Ecckl, which, 
due to the presence of only one EooRI site on the BK 
genome, produced linear BK DNA. Plasmid pUC8 
(available from Bethesda Research Laboratories (BRL), P.O. 
Box 6009, Gaithcrsburg, Md. 20877) was likewise digested 
and linearized with' restriction enzyme EcoRI and the 
EcoRI-cnt plasmid pUCS DNA was Ugated to the EcoRI-cul 
BK viral DNA to foimplasmids pBKEl and pBKE2, whidi 
differ only with respect to the orientation of the BK viral 
DNA. Arestriction site* and fiinction map of plasmid pBKEl 
is presented in HO. 2 of the acconqjanying drawings. The 
construction of plasmids pBKHl andpBKE2 is described in 
Example 2. 
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The BK viral genome has also been combined with a 
portion of plflsmid pdBFV-MKfToco to construct pUsmids 
SlKneol and pBKncoi Plasmid pdBPV-MOTneo, about 
13 to in size and available from tlie ATCC onder the 
accession number ATCC 37224, conpriscs the Tq)Iicon and 
P-lactamase gene from plasmid pBR322, t he mou se mctai- 
lothionein promoter positioned to drive cxpicision of a 
structural gene tiiat encodes a neomycin resistance- 
conferring enzyme, and about 8 kb of bovine pqalloma 
virus (BPV) DNA. Plasmid pdBPV-MhfTneo can be 
digested with restriction enzyme BamHI to generate two 
ftagmcntr. the -8 kb fragment that conqmses toe BPV DNA 
and an -7 kb fragment that comprises the ofecr sequences 
described above. BK virus has only one BamHI restriction 
site, and plasmids pBKneo I and pBKnco2 were constructed 
by ligating Uxc -7 kb BamHI icstcicdon fragment of plasmid 
pdBPV-M\rrneo to BamHI-linearized BK vims DNA. The 
conOTictioa of plasmids pBKncol and pBKnebZ, whidi 
differ only with respect to the orientation ci the BK vims 
DNA, is described in Example 3, and a restriction site and 
function map of plasmid pBKneol is presented in FIG. 3 of 
the accQn^anyiag drawings. 

Plasmids pBKEl, pBKE2, pBKneol, and pBKneo2 each 
conprise the entire genome of the BK virus, induding tiie 
enhancer sequence, and thus serve as useful starting mate- 
rials for the expression vectors of die present invention. One 
sudx illustrative expression vector, plasmid pBLcat, com- 
prises the BK enhancer sequence in tandem with the human 
adenovirus-typc-2 late promoter positioned to drive expres- 
sion of the chloramphenicol acetyltransfaase enzyme 
(CAT). Plasmid pSV2cat serves as a convenient source of 
the CAT gene and can be obtained from the ATCC under the 
accession numbff ArCC37155, Arcstricdon site andfonc- 
tion map of plasmid pSV2cat is presented in HG. 4 of the 
accompanying drawings. Human adcnovirus-type-2 DNA is 
commercially available and can also be obtained from the 
ATCC under the accession number ATCC VR-2. 

Illustrative plasmid pBLcat was constructed by ligating 
the -032 kb late-promotcr-containing Acd-PvuHiestriction 
fragment of human adcnovirus-type-2 DNA to bhmt-cnded 
Bdl linkers that attached only to the PvuII end of the 
Acd-Pvun restriction fragment The resulting fragment was 
then ligated to the -4 ldtxAccI-5tuIrcstriction fragment of 
plasmid pSV2cat to yield intermediate plasmid pLPeat, for 
which A restriction site and function m^ is presentedin HG. 
5 of the acconqpaaying drawings. The de^d plasmid 
pBLcat was constructed from plasmid pLPcat by Ugaling the 
origin of repUcation and enhancer-containing, -X^ kb 
Acd-Pvun restriction fragment of BK virus DNA to the 
-4.81 kb Acd^tuI restriction fragment of plasmid pLPcat 
A restriction site and fimction m^ of the resultant plasmid 
pBLcat is presented in HG. 6 of the accompanying draw- 
ings. The construction of plasmid pBLcat is further 
described in Example 4. 

Plasmid pBKcat is an expression vector diat further 
exemplifies the present invention and utilizes the BK 
enhancer and BK Ute promoter to drive e^jression of 
chloramphenicol acctyhransfcrase. Plasmid pBKcat was 
constructed in a manner analogous to &at described fcff 
plasmid pLPcaL Thus, the -4.51 kb Acd-StuI rcstrirtion 
fragment of plasmid pSV2cat was ligated to the -1.28 kb 
A^^PvuH restriction fragment of BK virus such tot the 
BK late promoter is in the correct orientation to drive 
expression of the CAT gene. A restriction site and function 
msp of plasmid pBKcal is presented in HG. 7 of the 
accompanying drawings. 

Plasmid pBLcat is a convenient source of the BK 
cnhancer-adenovirus Ute promoter "cassette" of the present 
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invcation. This cassette is an -870 hp Hindm rescdction 
ftagmcat that can be conronenfly inserted into a cokatyoto 

expression vector to increase expression of a produrt 
encoded by tbat vector: Tlos was done by digesting plasmid 

pSV2cat wife rcstrictiDn cniymc HindTTT and inscrtiag fee 
BKcohanccr-adcnovirus late promoter cassette. The result- 
ant plasmid, designated as plasmid pSBLcat, contains fee 
SV40 origin of rqjlication, SV40 caiiy promoter, and SV40 
enhancer aad therefore differs from plasmid pBLcat in 
whidi feosc sequences have been deleted. The tandem SV40 
cnhancer-BK enhancer-adcnovirns major late promoter 
(SBLpromotcr) cassette can be excised fromplasmid pSBL- 
cat on a Pvan restriction enzyme fragment, wh ich ra n be 
conveniently inserted into any recombinant DNA egression 
vector; 

Plasmid pSBLcat drives expression of CAT to higher 
levels than does plasmid pBLcat, so long as no ElA gene 
product is presenL This increased c3tpression in fee absence 
of EIA gene product indicates that the two enhancers, one 
from SV40 and fee ofeer frcna BK, have an additive, 
enhancing effect on tcansaiption from nearby promoters. To 
assess fee strengfe and utility of fee SBL promoter; fee 
chloraiiq^nicol acctyltcansfcrase (C^ cxpresrion vectOT, 
pSBLOO; was transfected vector into a variety of mam- 
malian host cells, and fee level of CAT activity was mca- 
sured 48 to 72 hours later as described by Gorman, et at, 
1982, MoL CdL BioL 2:1044-1051. The level of CAT 
activiQr obtained from pSV2^0Sff. in whidi fee CAT gene is 
driven by fee strong SV40 eariy jranoter; was iised fa 
comparative purposes. The SBL promoter was 3 to 6 fold 
stronjEcr fean fee SV40 early promoter in fee following ccU 
linc« BHK-21, HeLa, MK2, COS-l, 293, ^0 (aU avail- 
able from fee American TVpe Culture collection), P3UCLA 
(VarlQ et aL, 1984, Cancer Res. 44:681-687), K816 
(Grimiell et aL, 1986, MoL CelL BioL 6-J596-3605), and an 
adenovirus-transfcrmed Syrian hamster tnmcr line, AV12, 
described below. In primary human embryonic Iddn^^ccUs 
and liver cells, CAT activity was detected after transfcction 
wife pSBL-CAT, but not with pSV2-CAr Although efactcnt 
expression from fee MLP could be obtained wife cither fee 
BKfpBLOO^ or SV40 enhancer (pSL-CAr,aplaflnidfe^ 
is an^gous to plasmid pSV2-CAr, except that the SV40 
eariy promoter is rq>laccd wife the adenovirus 2 ™J«J?«f 
pramoto, described by GrimieU et aL, 1986, MoL CcIL BioL 
63596-3605), fecsc singjc enhancer constructions did not 
function effidcnliy in all cdls. For exanq)lc , pSV2^ was 
3 fold stronger than pSI^CAT in 293 ccUs and 10 fold 
stronger than pBL-CAT in HcU cells. Thus, fee use of 
tandem enhancer sequences upstream of a cokaryotic pro- 
moterresults in a strong andvcrsatile promoter that displ^s 
little host ceU depcndeace, and feercforc can be used for fee 
efficient esqrcssion of genes in a wide varie^r of mamma l i a n 

cells. 

However; in fee presence of ElA gene product, plasmid 
pBLcat drives expression of CAT to higher Icvds than does 
itoridpSBLcatTprcsumably because fee SV40 enhancer is 
inhiWted by fee ElA gene product Conversely, mHeU 
cells, the SV40 enhancer stimulated transcr^don frOTa fee 
aden;)viius2majorUtepromoter(Ad2MU026fold,b^^^ 
BK enhancer only stimulated transcription fc<^ Ad2MlJ 
1 5 foldin HcU ceUs. Because fee basallcvelofBK activity 
hi HeU cells is so low, stimulation of feat acdv^ wife fee 

S^Ldiate-early f^^-P^^^^\^'^^'''f^tZ 
ElA protein, stiU docs not result m optimal expression 
levels This low Icvd activity of the BK enhancer m HeLa 
cells is thought to be due to a repressor activity jffesenl in 
HeLa cells that interacts wife the BK enhancer: This rcprcs- 
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SOT activity in HeLa cells can be titrated oat by introdnctng 
more copies of the BK cnhiincrr into the HeLa ceH In fact, 
in the HeLa ceH line, BIA may increase ihe levd of the 
repressor However, optimal expression levels can be 
obtained in HeLa using the ^ndpm SV40 enhancer BK 
i*nh«ftr^ of the invention. This tan^m w^hagr^ ijj^ 
the advantage of avoiding ceQ-specific negative interactions 
ttiat may be encoontered* as in HeLa cdls, in some host 
oeQs. Arestnction site and function map of pluCT^f^ pSBLcat 
is presented in FKr. 8 of die accompanying drawings, and 
the construction of plasmid pSBLcat is described in 
Exanq>le 5. 

The BK enhancer-adenovinis late promoter cassette has 
also been used to inqoove G^iression of human proton C 
Tliis was done by ligating the cassette into pUsmid pL133, 
a plasmid disclosed and H^' frr^'* in UJS. patent j^)pUcation 
See No. 699^, filed Feb. %, 1985, incozpoiated herein by 
reference. A lestdcdon site and function map of plasmid 
pL133 Is presented in FKr. 9 of the accompanying drawings. 
Plasmid pL133, die construction of ist^cfa is given in 
&caixq>le 6, was digested with restdctioa enzyme TTmrfTTt 
and then ligated to the -0.87 ]d> HlndTTT restriction fragment 
of plasmid pBLcat to yield plasmid pLPC A restriction site 
and function map of plasmid pLPC is presented in FIG. 10 
of the accon^xanyihg drawings, and the construction of 
plasmid pLPC is further described in Exa2zq>le 7. 

Plasmid pLPC, like plasmid pL133, comprises the 
enhancer, early and late promoters, T-antigen'^lnding sites, 
and origin of replication of SV40. Thus, use of plasmid 
pLPC and derivatives thereof in any recombinant host cells 
is illustrative of the tandnm enhancer expression method of 
the invention. Plasmid pLPC served as a useful starting 
material fior many vectOErs of the invention, including plas- 
mid pSBL. Plasmid pSBL was constructed by deleting die 
protein C-encoding DNA on plasmid pLPC This ddedon 
noberely requires excision of plasmid pLPCs single BcH 
restriction fragment by dige^on with Bdl and self-ligadon. 
Hie resulting plasmid pSBL serves as a convenient expres- 
sioo yoctxx for use in die tandem enhancer method of the 
invention, for coding sequences of interest can be readily 
inserted at the sde remaining BcH site. 

The SV40 elements present on plasmid pIPC are situated 
dosely togedier and difScult to dclinratn, Tlie binding of T 
antigen to the T-antigen-binding sites, which is ne c essary for 
SV40 replication, is known to enhance transcription from 
the SV40 late promoter and surprisingLy has a similar effect 
on the BK late promoter. Because the hi^ level of 
T-antigen-ddven replication of a plasmid that con^sises the 
SV40 origin of replication is generally lethal to the host cell, 
neither plasmid pLPC nor plasmid pL133 are stably main- 
tained as episomal (extrachromosomal) elements in ttie 
presence of SV40 T antigen, but rather, the two fdasmids 
must integrate into the chromosomal DNA of die host cell to 
be stably maintained. 

The overall structure of die BK enhancer region is quite 
gi'miiar to that of SV40, for the BK enhancer, odgitt of 
replication, early and late promoters, and the BK analogue 
of the T-antigen-binding sites are all dosely situated and 
diffirniit to drlfn^^^'' on the BK viral DMA. However, when 
grown in the presence of BK T antigen, a plasmid that 
oompiises the BK origin of replication and T-aatigen- 
bindiiig sites does not replicate to an extent that proves ledial 
and is stably maintained as an episomal dement in the host 
celL In addition, die T-antigen-driven rcplicadon can be used 
to increase die copy number of a vector coii^snsing die BK 
origin of replication so that when selective pressure is 
applied more copies of the plasmid integrate into the host 
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ccU*s chromosomal DNA. Apparently due to the similar 
stnictore-functtenrdatiQnshqa between the BK awl SV40 
antigens and tfaek respective binding sites, BKrcplication is 
also stimulated by SV40Tantigca To construct a derivative 
of plasmid pLPC that can exist as a stably-mintaincd 
clement in a transformed enfcaiyotic cell, the entire BK 
genome, as an EcoRI-Uncarizcd restriction fragment, was 
inserted iiito the single BcoRI restriction site of 
pLPC This insertion produced two plasmids, designated 
pLPC4 and pLPCS, which differ only wifli respect 6) the 
orientation of the BK EcoRI fiagmcnt A restriction site and 
function map of plasmid pLPGi is presented in FIG. U of 
the accompanying drawings, and the construction of plas- 
mids pIPC4 and pU>C5 is farther dcsaibed m Exanq^ 

Bpisomal maintenance of a recambinant DNA oquession 
vectcr is not alw^ prcfetred over int^ration into the host 
cell chromosome. However, due to the absence of a select- 
able mariccr fliat functions in eukatyotic cells, the identifi- 
cation of stable, eufcaryotic transformants of plasmid pLPC 
is. difficult, unless plasmid pLPC is cotransformed with 
another plasnud dm does cori^irise a selectable ma fjic pr 
Conscqucnfly, plasmid pLPC has been modified to produce 
derivative plaanids that arc selectable in cukaryotic host 
cells. 

This was done by ligating plasmid pLPC to a portion of 
plasmid pSV2hyg, a plasmid that corapriscs a hygromydn 
resistance-conferring gene. A restriction site and function 
m^ of plasmid pSV2hyg, which can be obtained from the 
Northern Regional Rcscardi Laboratory (NRRL), Peoria, 
BL 61640, under the accession number NRRL B-18039, is 
presented in FIG- 12 of the accon^anying drawings. Has^ 
midpSV2hyg was digested with restriction enzyme BamHI, 
and the -2*5 Idb BamHI restriction fiagmcnt, which com- 
prises the entire hygromycin resistance-confozing gene, was 
isolated, treated with ^eaow en^me (the large firagmezit 
produced tipon sabtilisin deavage of £ caU DNA polymer- 
ass I), and then Hgated to the Klenow-treated, *-5.S2 kb 
Ndel-StuI restrictiott fiagmcnt of plasmid pLPC to yield 
plasmids pLPChygl and pLPChyg2. Plasmids pLPChygl 
and pLFChysf2 differ only with respect to the orientation of 
the hygromycin resistance-confccrittg fiagmcnt A restric- 
tion site and function of plasmid pLPChygl is pre- 
sented in HG. 13 cf the accon:q)anying drawings, and the 
coustruction protocol for plasmids pLPChygl and 
pLPCfayg2 is described in Example 9. 

Hasmids plPChygl andpLPChyg2 can be readily modi- 
fied to contain the BK virus genome. As stated above, 
cxpresrion of BK T-antigen in a host cell containing a 
plasmid coG^irising the BK T-antigen binding sites increases 
the copy number of the plj^fp^ 'ff. If the plasmid also 0Qr&- 
prises a selectable marircr, selection after T-antigen stimu- 
lated replication will result in integration of more copies of 
the plasmid into the host's genomic DNA than would occur 
in the absence of T-antigen stimulated rcpHcadon. Plasmids 
pLPChygl and pLPCbyg2 each conqxrise two EcoRI sites, 
one in the HmR gene and die other m the pBR322-derived 
sequences of the plasmid. Plasmid pLPChygl was partially 
digested with EcoRI to obtain cleavage only at the pBR322- 
derived EooRI site and then ligated with EcoRI-dlgested BK 
virus DNA to yield plasmids pLPChTl and pLPChT2, 
which differ only with respect to the orientation of the BK 
virus DNA- Plasmids pLPCiTl and pLPChT2 are useful 
derivatives of plasmid pLPChygl (and analogous construc- 
tions can be maflg using pi«Tn ifj pLPChyg2 as starting 
material instead of pUOygl) for purposes of integrating 
high numbers of copies of a protein C acpression vector into 
the genome of a eukaryodc host ccU. 
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Hamas protein C eaqpressioo pi»*Tni'^? gtTwnitr to pia^i^rirl ? 
pLPCbygl asd pLPOsy^ contaimng the dihydrafoUte 
leductase (dhfir) gese were constrncted by inserting the dhfr 
gene-containing, Klcnow-tieated -L9 kb BamHI rcstrictioQ 
fragment of plasmid pBW32 into die -5.S2 Jd> NdeZ-StoI 
restriction fragment of plasmid pIPC The resulting 
plam n ds , designated as pLPCdhfrl and pLPCdhfr2, differ 
only widi respect to die orientation of the dhfr gene. The 
construction of these pJasmids is rfps rnh rH in RTampi f> xiB. 

Flasxnid pLPChygl was fiirlfaer modified to introduce a 
dihydrofblate reductase (dhfr) gene. The dhfr gene is a 
selectable Tnarhrr in dhfr-negatxve ccIU and can be used to 
increase the copy number of a DKA s^ment by exposing 
the host ceil to increasing levels of methotrexate. The dhfr 
gene can be obtained from plasmid pBW32, a plasmid 
disclosed and claimed is VS. patent application Sec Na 
769^98, filed Aug. 26, 1985, and incoxporated herein by. 
reference. A rcstziction site and function map of plasmid 
pBW32 is presented in FIG. 14 of the accon^yanying draw- 
ings. The construction protocol for plasmid pBW32 is 
described in Exas^le 10. 

The dhfr gene-containing, -1.9 U) BamHI restriction 
fragment of plasmid pBW32 was isolated, treated with 
Klenow enzyme, asd inserted into partially-EooRI-digcsted 
plasmid pLPChygl to yield plasmids pLPChdl and 
pLPChdl Plasmid ptLPChygl contains two EcoRI restric- 
tion enzyme recognition sites, one in the hygromycin 
reristaace-confening gene and one in the plasmid pBR322- 
dcrived sequences. Tlie fragment comprising the rfhfr gene 
was inserted into the EcoRI site located in die pBR322- 
derived sequences of plasmid pLPChygl to yield pla«»p jriy 
pLPChdl and pLPQidZ A restriction site and function map 
of plasmid pLFChdl is presented in HG. 15 of the accom- 
panying drawings. The oonstructioh of plasmids pLPChdl 
and pLPChd2, which differ only with respect to the orien- 
tation of the dhfr gene-containing DNA segment, is 
described in Exaizqile 11. 

Plasmid pLPChdl was modified to form plasmid phd, a 
plasmid that contains both the present BK enhancer- 
adenovirus late promoter cassette and also, the hygromycin 
resistance-confaring and dhfr genes. To construct plasmid 
phd, plasmid pLPChdl was prepared from dam~ £ coU host 
cells, digested with restriction enzyme Bcll» and 
ledrcularized, thus deleting die human protein C-encoding 
DNA. Plasmid phd contains a single BcQ restriction enzyme 
recognition rite» which is conveniently positioned f(x die 
insertion of any sequence desired to be cjpmscd from the 
BK enhanccr-adenovirus late promoter of the present inven- 
tion. A restriction site and function map of plasmid phd Is 
presented in HG. 16 of the accozrpanying drawings, and the 
construction protocol for plasmid phd is described in 
Example IZ 

Another expression vector that fiotfaer exemplifies die 
present invention and drives oqnessios of human protein C 
is plasmid pLPCElA. Plasmid pLPCElA contains the ElA 
gene of human adenovirus type 2, the gene product of which, 
as described above, increases the activity of the BK 
enhancer. Thus, transcription from a promoter in tandem 
with the BK enhancer increases in Uie presence of the ElA 
gene product Plasmid pLPCElA was constructed by ligat- 
ing the ElA gene-containing, -L8 kb Ball restriction frag- 
ment of human adenovlrus-type-2 DNA widi the -5.82 kb 
KdcI-SmI restriction fragment of plasmid pLPC A restric- 
tion site and function map of plasmid pLPCElA is presented 
in FIG. 17 of the accompanying drawings, and the construc- 
tion protocol for plasmid pLPCHlAls described in Example 
13. 
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rrJ^Z^^^ <p«saion vectors of the present Invcatioa 
^zc the BK eahancer-adeBovinu latepr^tcr to 
cave jxpmtsiaa of tissue jtfasminogen activatcr CTPA) gt 

Ban^ and the rautomt ^5.6 ib fragment was leciiciar. 
izcd to yield pIasmidpBW32dcL EUsniidpBW32dd, which 
aicodes inodifiedra\ and contains only one HindlHrcstric- 

"0.65 lib Hindinresttiction fragment of plaamidnBalgcat to 
yield plasmxd pBlT. Haamid pBalS^oS^ m 
m^ffoved BK cnhanccr-adeaovitus late promoter cassette 
IS descdbed In Example 17. A restriction ste and 
ftmction m^ of pUsmidpBIT is presented in na IS of the 
acconyanying drawings, and the con^ction protocol for 
plasmid pBIT is described in Exanqrfc 14. 

Sdcctahle nwrVm were introduced into BamHI-digcstcd 
plasmid pBIT. In one construction, the hygromydnresis. 
tancc gene^ntaining. -25 kbBamHI restriction ftagment 
of pUsmd pSV2hyg was inserted to yield pSds 
^Uliygl and pBUhyg2, and in another construction, the 
dhfr gM^nj^g -L9kb BamHIicstriction ftagmcnt of 
plasmid pBW32 was inserted to yidd plasmids pBlTdhfrl 
and pBITdhfti The four plasmid$,pBlThv2l oSlJhvo? 
pBITdhfrl, and pBITdh^So^^fSr^^ 
tjpe and/OT orientation of the sdectahle marker. Aies^^ 
^r^l!t^!^^ mq> of each of plasmids pBUTiygl and 
pBITdhfrl IS respectively presented in HGS. 19 and 20 of 
the acconqanying drawings. The construction nr«ocol for 
pBIThyg2, pBUdhfrU and pBIT- 
dha2 IS described in Exsasxple 15. 

Other expression vectors of the present invention that 
dnvc expression of TEA or modificdTPA were derived from 
p^smid PTPA1Q3, an intermediate used in the construction 
ofplasmid pBW3Z The construction protocol f<s plasmid 
pTTAlOa is described in Example 10, and a restriction site 
and fonctiott map of plasmid pTPAlQ3 is presented in HG, 
14 of the accompanying drawings. To construct these 
dcnvatives, a BamHI restriction site was introduced immc- 
<Uately before the 5' end of the TEA codingregion ofplasmid 
PTEAIQ3. Plasmid pTPAlOS was digested with restriction 
enzyme Hgal to isolate the -a52 ib Hgal restriction frag- 
mait Aat conqaises the 5* end of the 1^ coding region. 
After Klenow treatment, the Hgal fragment was I^ated to 
BamHI linkers, digested with restriction cn^rmc BamHL 
and inserted into BamHI-digestBd plasmid pBR322 to form 
gasnuds pTEAfiOl and pTEA6Q2. A restriction site and 
ftnction map of plasmid pTR\602, which diffcrs from 
plasmid PIPA601 only with respect to the orientation of the 
mscrted BamHI rcstiicticn fragment, is presented in HG. 21 
of the acconqianying drawings. 

Next, plasmid pTPAeOZ was digested with rcstridion 
enzymes BgDI and Sail, and the resultant -4.2 kb Bgin^all 
restriction fragnaent was ligated to the -ZQ5 kb Sall-BgUI 
re^dction fragment of plasmid pTPA103 to fonn plasmid 
PTPA503. Plasmid pTB\6a3 thus contains the complete 
coding sequence for TPA bounded by a BamHI restriction 
site on both ends. A restriction rite and function map of 
plasmid pTPA603 is presented in HQ. 22 of the acoon^- 
nying drawings. To construct a plasmid that is analogous to 
plasmid PTPA603 but Oiat encodes a modified form of TPA, 
plasmid pTB\603 was digested with restriction enzymes 
Bgin and Sstl. and the resultant -5.02 kb BglH-Sstl frag- 
ment was ligated to the -0,69 kb BgUT-SstT restriction 
fragment of plasmid-pBIX The resultant plasmid, desig- 
nated as pMTPA603, was then digested with restriction 
enzyme BamHI. and the resultant -U5 kb fragment was 
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isolated. Has fragment and die -L90 Icb BamHZxcstiiction 
fragmrnt of plasmid pTPA6Q3 were individually ligated in 
separate ligations to BcH-digested plasmid phd (FIG. IS) to 
fonxi the respective plasndds piidMTPA and phdlPA. 
Restriction site and functioii maps of pfagmift^ pjidT^ and 
phdMTPA are respectivdy presented in FIGS. 23 and 24 of 
tixe accQxquiaying drawings. The conscmction of plasnaids 
phdTE^ and phdMIPA, beginning with the construction 
protocol for plasniidpTPA602, is described in Exarqdfi 16. 

The present invention oonqxdses a method for osing the 
BK enhancer in tand^trt with a eukaryotic promoter to drive 
transcc^jtion and esEpression of DKA sequences in eukary- 
otic host cells that esqsess an immediate-early gene of a 
large DKA. virus. Skilled artisans will recognize that virtu- 
ally any eukaryotic promoter can be used in tandem with the 
BK enhancer in the present method. For example, the SV40 
early and late promoters, BK eady and late promoters, early 
and late promoters of any of the polyoma viruses or papova- 
viruses, herpes sinq>lex vtros thymidine kinase promoter; 
interferon al promoter, mouse mctallothionein promoter, 
promoters of the retroviruses, p-globin promoter, psomoters 
of the adenoviruses, sea urchin H2A promoter; conalbamin 
prmotct; ovalbumin promoter, mouse p-gloMn promoter, 
human p globin prozqoter, and die Rous sarcoma virus long 
trrminal repeat promoter, can all serve as the eukaryotic 
promoter in the mettiod of the present invention. Moreover, 
any sequence containing a transcrqition start site, con^Msed 
of a ^i^JA^-like sequence with or without an iqistream 
XAAT" sequence, can serve as die promoter in the present 
invention, ^ch promotes can be utilized in the present 
method by conventionally inserting the promoters into 
expression vectors cosquising the BK ^nhnne*^ as exem- 
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ftflS late promotet. wla^ 

ttep^ared cnkayotic promoter for use in the jmeat 

_nie BK eshanca used in the vectors heteia Uut oKm- 

tte piescm lavenifan was isolated fiom the imotroc 
stam of BK virm (ATCC VR-837). Howcm; a J^boof 

^ i''°?t^?^'"'^'^"^**"«*<to=fl>«t Gardner 
^^'JV\ ^=^3, (see also Gardner. 1973 

Bnt. Med. J. 1:77-78) desoibed the first i«dation a BK 
VHUs, and fiie Gardner strain is thus refiarcd to as me 
Protoqgc or wild-Q^ BK vims. TTie Gardncx stain of BK 
wns CFia 1) is tvailaWefiom the ATCC under the acces- 
sion nimber ATCC VR-837. In fact, when ATCC VR-837 
was obtained for nse in conslmcting the vectun of the 
invention, it was observed that BK variants wete present in 
the population of viruses. O&ers have observed this 

»Sl!^°'ifL^'**^ 1986. J. Virology <S0(3)S60. 
Neithffttie method of using theBK enhancer in tandem with 
a eukaryotic promoter to drive cjqjression of nsefnl 
substances, such as nuddc add and protein, in die presence 
ofmfaaBdiate-eaii^ nor 
"^otner method of the present invention is limited to the 
C^er stam or a puticnlar BK variant, aUhough the 
enhancer of the protoQpe strain is prefetred. The foJlowing 
T^blc has a representative number of BK variants that can 
^ methods of the present invention In addition, 
a BK-UlcB virus (simian agent 12) contains enhancer ele- 
ments homologous to the BK enhancer and can be used in 
tnemahods of the present invention. The enhancer dements 
Of suman agent 12 are desoibed in CnnninghametaL 
J. ViroL 54:483-;92 and. for purposes the ^resS 
invention, are BK enhancer variants. 

TABLE 1 

St^iadcdgnafa ^STwilcMypo) Rdbn^ncp 

^<P;CIS^coat^na^^^ Viral Otology. 1^ 

coding t jdB of the vinl eabaar a Klaa\ ppu 48^540. 

BK(GS)«IBK(MM) S»v«^ Pier et .L. lOT. 1 

difenacMtlatiiiclndoiBairBagD- Viral. 32020-225- 
moi a Md chyHcitioni m tbocoo- Seif et »L, J979, Cdl 
trol xegjtBi «ioo ^Bettace* occur 18:963-677; 
iaitoeolaoctt Tfiwg ct aL, *1?79, 

Nuc Acids Res. 7:651-668; 
and Pater et aL, 1S79, 

BML) vr«»*» . . . 'Wrelogy 131:426-436. 

BKOUOandBKairo SS^'!^^*'"^!^ Aich. Viral. J7a5-4Z 

-xH*r;«iaajs(MD) The* vantma ate oampoied of Pater et al. 1980» J. 

two oomplemcatiiy defective mole- VnoL 36:480-*S7; 

«iJtt,bo<faof whidiaiorD^uaod Pater et aL, 19«1, I, 

fain feethray mad difler VixoL 39:968-972; 

Bxteamlty m nucleotide puer et aL, 1983, 

ma522 yquence fa na piototype Bg viroi. ViioL 13l:426-*36. 

P="^ SpMianeoua mmtttw during TOteoabe et am982. 

pnm>^ledto(SA3Boeea X YlioL 42:978-983: 

range and traniftirmmg IVbcasafae et aL, 1984 

peteotiaL pedapadM to a 1 VooL 51:1-6. 
deietna ef two of the 4cbee 
<mhwr»T rspeati aal the pieaose 
of two aet» of ahorter 37 bp 
xepeata. 

Spontaaeonamiaation daring 'Wuanabe et at, 1984. 

m»««hoa of reeonbiDaot J. VuoL 5i:l-6. 
B& vsui oostaining tl» pni522 
cnhnrrr zegba and Ittving ftoifaBr 
dnplieatians of alloa 1 



tr530 
tr331 
tz532 
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TABLE l-cdxtiznied 



Pcacriptiofl 
^elurvtf to wild-type) 



angat^ng tsom Hm paaS22 oecpicsoe. 
BKV9 ViMbLo rwntni of BK vims iao- Cfaaka «t aU 1986, 

hted tern a ^gymlion of h VixoL 60:960-971. 

y r mu t y p a (wt) BK vina ooctBiu 



axxl dupQcatkm of a e cpicaco id 
dw late tide of ifae cnfaiDceL 
BK Tina-IR BK vmu ymat, ssobted from a F^gnnu et aL, 1986, 

famnan nmur ecaatamiiis jnyninm X VaoL 59*.50O^SQS. 
■ awt^ rraimrf i ii*'"** in tfas ^K***^^ 
mgxM. Tbii vims hu aa altefsd 



Skilled artisans will undostand that a variety of eukary- 
otic host ceils can be used in the present method, so long as 
the host cell c^jresscs an imznedtate-ear^ gene product of 
a large DNA virus. Because the inunediate-eady gene prod- 
act can be introduced into host cells by many means, ^ch 
as transfonxiation with a plasmid or other vector, virtually 
any ^ilcaryodc ceU.can be used in the pr ese n t method. 
Human arc prefeixed host ceUs in the me&od cf the 
present invention, because bn-man cftTls are the natural host 
for BK virus and may contain cellulaT facton that serve to 
ft»tTtiniiit<> the BK enhancer. While human Iddney cells are 
especially preferred as host cells, the adenovirus 
5-transfooned human embryonic Iddney cdl line 293, which 
expresses the ElA gene product, is most prefcored and is 
available £pom the ATCC under &e accession number ATCC 
CRL 15753. 

The 293 ceU line is preferred not only because 293 cells 
express tiie ElA gene product but also because of the ability 
of the 293 cells to "f-carboxylate and otherwise properly 
process complex gene products such as protein C 
' Y^^aibatylation** refers to a reacdon in which a carboxyl 
group is added to a g\\i*^ TP*''' acid residue at the y-carbon, and 
a Y*<^tboxylated protein is a protein in which some amino 
add residues have undergone y-carboxyladon. IQdney cells 
normally Y-carboxylate and otherwise process certain 
proteins, but 293 « are transfoxmcd with adenovirus, 
which generally results in a loss of specialized ftmctions. 
Consequently, the present invention also conqidses an 
. improvement in the method for producing a protein that is 
nahnally gamma cartxixylated, properly folded, and pro- 
cessed wherein said protein is encoded in a recombinant 
DNA vector such that said protein is caressed when a 
eukatyodc host cell containing said vector is cultured under 
suitable e]qiression conditions, whocin the improvement 
conqirises: (a) inserting said vector into an adenovirus- 
transf crmed, human emfaiyonic Iddney cdl; and (b) cuUnr- 
ing said host ceU cf step a) under growth condidons and in 
rni^ta containing sufficient vitamin K for cartxixyladon. The 
293N3S derivadve of the 293 cell line is also suitable for use 
in the present invention and is able to grow in suspension 
culture as described in Graham, 1987, L Gen. MroL 68:937, 

This mctiiod of producing a Y-cait>oxylated protein is not 
li'mi TH to adenovxrus-transformed human embryonic Iddney 
cells. Instead, the method of producing a y<aiboxy\atcd 
protein is broadly applicable to all adenovirus-transfozmed 
host cells. Those skQlcd in the art also recognize that the 
mctiiod can be practiced by first transfonning a cukaryodc 
cell with an expression vector for a Tf-carboxylatcd protein 
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andnicthodj of 6bbdnt„7j^- ™™« <^ adenoviruses 

into the sauffcftfT™:,^^ typc H 

cells fi^m^^ and isoSm 

cois from the resulting tinncc rbn AVi-? ^u^^^ 

traasfonned host cell fcT^ *° adenoviros- 

r<«b«ylated °' recombinant 

aOTauM (both antxcoagolcttt and aaidolytic) of the mrT 
uwerct. lecQiahinaat human protdn C fr^^ 

■ctaohes hes m the glycosyl content of the ,«a«te mo" 
eculcs as summarized in the foUowing table. 



17 

TABLE 2 

mles mgttfaiole of HPC 





xUFC- 


iHFC 




293oe!U 


ftAif cells 




4J 


4^ 


0 


ZA 


0.62 


i3JBi 


1X4 




92 


&X3 


ia6 


9S 


SJ 


ICU 


ICU 


5.4 


10.9 



pQcow (Fuc) 

K-KctylgilietoamiaD (OtJKAc) 

MaiiDMB(Mn) 

Kid (KeuAc) (Sa£e add) 



11115 g^ycosyl content dau piwficts that for plasma HPC 
and BHK-dcrivcd fiPC tiie digosaccharidcs are prcdomi- 
nanfly of N-Iinkcd conqto tna ntmn ary structorc. The 
glycosyl content for rHPC produasd in 293 cells, however, 
predicts that nxost oUgosaccharide dudns arc predoniinantly 
of &e N-linked conq>lcx biantennaiy structora 
Tlxc N-acct\igalactose residues present in rHPC derived 
from 293 cells arc totaUy in N-linked oHgosaccharidc struc- 
tures and not o-liniasd because Aey can be trtally released 
by N-glycanosc digestion, the total removal of siaUc add 
from HPC with neuraminidase resulted in a 50% increase in 
amidolytic activity and a 250-300% increase in anticoagu- 
lent activity, thcrefcre, as the siaHc add content of the 
molecule is lowered, the functional activity of the molecule 
is increased. ' 

However, the removal of sialic add and the ooncoxmtant 
exposure of the galactose residue on the non-reducing end of 
oligosaccharides of glycoproteins results in general, in a 
trexnendons increase in the clearance rate of the glycoprotein 
by the liver, therefore asialylated glycoproteins ate not 
phannaceutica]lypcefencd.In^PC derived from293 cells, 
the lowedng of the sialic acid content is matrhcd ivxth a 
jroportional lowering of the galactosyl content The ratio of 
gaiactosersialic add is the same in plasma PIPQ rHPC- 
BHK and rHPC-293 and is dose to 1:1 in all three mol- 
ecules. The data demonstrates that there are few or no 
galactosyl residues at the non-redudng end of the oligosac- 
charides in the rHPC firom 293 cells. This lower sialic add 
content in rHPC 6om 293 cdls is con si st ent with the 
interpretation of less branching in the N-Hntod oligosaccha- 
rides- This novd stnicturc results in a molecule with 
increased activity which should not have an increased rate of 
dearance from die blood. As the biosynthesis of digosac- 
diaridcs on glycojaotcins is hi partrcgiUatedby ttic '•madxi- 
nar/* of the r^i^ from which the glycoproteins arc secreted, 
the methods of the present invention allow for the produc- 
tion of novd glycoprotein molecules from a wide variety of 
host ceils. In particular, recombinant human protdn C 
produced in AV12 cdls also displays novd glycosylation 
patterns. 

The novd BK enhancer-eukaryctic promoter constroc- 
tions described in Exanqile 17 were co nst r uc ted using a 
method for in^ving the activity of the BK enhancer with 
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(c) coltnring said cell of ttep b) under conditions soitafale 
for eaqgessing said VA gene product and for stf mnl aff n g 
translation of said mRNA, 
subject to Che limitation that said mRNA does not contain the 
entire tx^iartite leader of said adenovirus. 

Flasmids coding for VA have been constructed from 
adenovirus DKA. Aiestriction fragment of 1723 bp» defined 
by a Sail site (at nucleotide 9833) and a HIndTTT site (at 
nucleotide 11556)« was isolated &omadcnoviru5-2 DKAand 
doned into HindlH-Sall-digested plasmid pGBR322, thus 
replacing the 622 bp Sall-Hindni fragment of pBR322, to 
constzua plasmid pVA. A plasmid coding for neomycin 
resistance and VA has been constructed by isolating a 1S26 
bp Nrul fragment from plasmid pVA and insoting that 
fragment into Klenow-treated, BamHI-digested plasmid 
pSVNco (available from BRL). The resultant plasmid, des- 
ignated p\^-Neo, can be used to insert the VA gene into any 
ceQ Hne by selection of neomycin (G418) resistance after 
tiansfocmation. 

The VA gene product of adenovirus^ however, may exeit 
its greatest positive effect on CTqtression of recombinant 
genes containing either the first part of the tdpartite leader 
of adenovirus* or the entire txiparttte leader, in the fintt few 
days following transformation of the host cell with a 
VA-enc6ding vector. ^Subsequent expression of the VA gene 
product in &e host cell after the first few days may not give 
optimal expression levels. However, presence of ihc first 
part of the tripartite Icadg on die expression vector and 
resulting message wiH lead to incxeased expression of the 
Iffoduct encoded by the miRNA, even in the absence of the 
VA gene product, in con^azison to esipression vectors and 
mJRNA molecules that ladc the fixst part of the tcq>artite 

The T antigen of SV40, BK virus, or any other polyoma- 
vxnis can also be used with the vectors of the present 
invention to increase prom oter activity and/cr increase copy 
number of the plasmid by stimulating repHcatiGn. SV40 T 
antigen stimulates transcrqition firom both the adenovirus 
and BK late promoters. By including T-antigen-coding 
sequences on the expression vectors of the present invention 
or by cotransfectLon of the vectors with a plasmid(s) carry* 
ing T-antigen-coding sequences, ac^ilificalion of copy numr 
ber can be obtained prior to the application of selective 
pressure as out-lined in Exaoqile 18. This will allow for high 
copy number integratioa of the expression vector. 

Thus, in the preferred embodiment of the present 
invention, the recombinant DNA expression vector comr 
prises the BK cnhnnrrr of the prototype stain positioned 
less than 300 nucleotides upstream of the adenovirus Late 
promocer, which itself is positioned to drive expression of a 
gene that encodes at least the first part of the tr^artite leader 
and a useful substance. This prefened vector is used to 
transform human embryonic Iddney 293 oeEs that have been 
noodified, either before or after transformation with the 
expression vector; to express die VA gene product of an 
adenovirus. For stable transformants, however, presence of 
the VA gene product may not be desired. 

The present invention also concerns a method of an^- 
fying genes in primate cells. DNA encoding a directly 
selectable marlccr, &e murine dihydrofolate reductase gene 
and a structural polypeptide is introduced into primntr cells. 
Those cells which contain the directly selectable mwhrr are 
then reisolated and treated with progressively increasing 
amounts of methotrexate to amplify the genes for dihydro- 
folate reductase and the structunl polypeptide. This method 
allows ftf a significant increase in the amount of the 
structural polypeptide gene that can be in the cells. 
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Many gene products require QOenaive post-<xaos2ated 
modification for fawgrifmai activity. As some cell lines do 
not efiSdently modify sncfa gene products, it is advantageous 
to express these genes in those cell lines whidi can p erfoim 
such modifications* Human protein C is one gene product 
which requires both gamma caifoazylation and the removal 
of a picpiece after the translation cf iho gene. These post- 
transiatiosal modifications occur most efficiently in primate 
cells, yet die genes encoding such ^ne products cannot be 
' direct^ anqilxfied in prfmfltff rf^rig. 

The most common system for gene as^Hiication exxqdoys 
the murine dtbydrofolate reductase (dhfir) gene in dhfir 
deficient cell lines. Dihydtofolate reductase reduces folic 
acid to tetrahydroioUc add, which is involved in the syn- 
thesis of thymidylic acid. Meftotrexate binds to dihydro- 
folate reductase, thezcby preventing the biosynthesis of 
thymidylic acid. Dihydrofolate reductase ^rfirifnt cells, 
therefore, cannot survive in an environmciit which does not 
•contain thymidylic add, while the presence of methotrexate 
in the euluire media requires a concomitant increase in tibe 
amount of non-bound dihydrofolate. reductase for cell sur- 
vival. 

Kimate ceUs, on the other hand, which are most e£Sdent 
in the post-translational modification of certain 
polypqjtides, also contain a constitutive dhfr gene. The 
presence of tht constitutive dhfir gene prevents the Hiwrt 
selection of txansfocnants and j*T"pHfi<*''<1"n? of genes using 
methotrexate. The method of tiie present invention allows 
for the direct selection of tcansfoxmants using a separate 
selectable marker, such as the hygromydn resistance- 
conf exxing gene or the neomycin resistance-conferzing gene. 
Following this direct selection, the genes may then be 
amplifiiyl by progcessivdy increasing ttie levd of methotr- 
exate in the culture rn^in Many cells which dononstrate an 
increased levd of dhfr gene copy number as wdl as any 
increase in the copy n^bcr of the structural pdypq}tLde 
gene. 

The method of gene an^iilification in p riyn at ff t*^^^* is in no 
way dependent upon any given means for the introduction of 
the DNA into the cells. Those skilled in the art recognize that 
DKA may be introduced into cells by dectroporation, 
microinjection, transfoimatioa or transfection. Furtiieciuse, 
the DNA can either be linear or drculaL The gene encoding 
a sdectable marVrr does not need to be an antibiotic 
resistance confcning gene. Skilled artisans understand that 
any means for direct selection may be utilized in the present 
invention. For r.xnmple, a gene encoding an antigenic deter- 
minant could be introduced into a cell line, and cdls 
containing this determinant could be easily selected using 
immunological methods which are wdl known in the art 

Hie directly selectable Ttiflrfcrr gene, the dh£r gene and the 
struc tur al polypeptide gene do not need to be introduced into 
tiie cell on &e same piece of DNA. For example, the directly 
selectable marker may be transfected into the cell on one 
plasmid, while the dhfr and structural polypeptide genes 
may be transfected into the cell on a separate pia«mi'd_ This 
occurs when the hygramydn resistance confatxing gene is 
transfected into 293 cells via plasmid pLPGhyg, while the 
dhfr and human protein C genes are transfected into the 
same cells via plasmid plPCdhfic Altematxvdy, the dhfr and 
human protein C genes can be introduced into plasmid 
pLPChyg-transfected 293 cells via plasmid p4-14. Tbe 
neomydn-resistance confexzing gene can be used in place of 
the hygromydn resistance-confcning gene, in which case- 
plasznid pSV2neo is introduced into the cell line rather than 
plasmid pLPChd. In addition to co-transfection with differ- 
ent plasmids, the directly selectable markrr gene, the dh& 
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gene and die sttoctntal polypeptide gene can all be intro- 
duced into the host ceU on one plasndd. This is exemplified 
by the transfecdon of ceflLline 293 with plaszmd pIPChd. 
Ftahaxnorc, other types of primate cells, such as the 
monkey kidney MK2 cell line (ATCC COLT), may be used 
in the mediod of the present invention. 

The following Exan^lcs more fully describe the methods, 
compounds, and recombinant organisms of the present 
invention. Hiosc skilled in the art will recognize that the 
particular reagents, eqa^nuent, and procedures descdbed in 
the E3un$iles are mcrdy illustrative and do not Hmil the 
present invention. 

EXAMFLEl 
Preparation of BK Virus DNA 

BK virus is obtained from the American Type Cnhure 
Collection under the accession number ATCC VR-837. The 
virus is delivered in freeze-diied foan and resuspended in 
Hank's habp"^ salts (Gibco, 3175 StaldF Road, Grand 
Tcianrf . N-Y 14072) to a titer of about 10* plague-fonning 
units Q>fuymL The host of choice for the prcparationrfBK 
virus DNA is primary human embryonic kidney (PHEK) 
cells, whidi can be 'obtained from Row Labocatcrtcs, Inc., 
7655 Old Springhouse Road, McLean, Va. 22101, under 
catalogue number 0-100 or from MA. Bioproducts under 
catalogue number 70-15L 

About five 75 mm^ polys^ne flasks comprising con- 
fluent monolayers of about 10* PEEK, cells arc used to 
prepare the virus. About 1 ml of BK virus at a titer of 10* 
pfu/na is added to eadi flask, which is then incubated at 37* 
C for one hour, and then, fresh cultorc medium OD^ilbccco's 
Modified Eagle's Medium, CJibco, supplemented with 10% 
fetal bovine serum) is added, and 1hc infected cells are 
incubated at 37* C for 10-14 days or unta the full cyto- 
pathogenic effect of the virus is noted. This cytopathogenic 
effect varies from cell line to ccE line andfroni virus to virus 
but usually consists of cells rounding up, dumping, and 
slou^ung off the culture disJc 

Tlie virus is released from the cells by three frceze^w 
cydcs, and the cfTl"^«' debris is removed by centriftigation 
at SOOOxg. The virus in 1 liter of supernatant fluid is 
precqriuted and coUecled by the addition of 100 g of 
PEG-6000, incubation of die solution for 24 hours at 4* C, 
and ccntrifugation at 50OOxg for 20 minutes. Thepdlct is 
dissolved in O.lx SSC buffer (lxSSC=0-15M NaQ and 
a015M NaOtrate, pH=»7) at 1/lOOth of the original volume. 
The virus suspension is layered onto a 15 ml solution of 
samrated KBr in a tobe, which is centcifiiged at 75,000xg for 
3 hours. IVvo bands are evident in the KBr sohition after 
ccntrifugation. The lower band, which contains the conqilete 
virion, is T^llr^'^ and desalted on a Sephadcx® G-50 
cohimn (Sigma Chemical Co., P.O. Box 14508, St Louis, 
Mo. 63178) usingTE (10 mM Tcis-HO, pH=7.8, and 1 mM 
EOTA) as an dution buffer. 

Sodhnn dodccyl sulftic (SDS) is added to the solution of 
purified virions obtained fitmi the column to a concentration 
of 1%; pronasc is added to a concentration of 100 jig^ml and 
the solution is Incubated at 37« C f or 2 hours. Cesium 
chloride is then added to the solution to a density of 1.56 
fl/ml, and ethidium bromide is added to the solution to a final 
concentration of 100 jigtaL The solution is centrifiigcd in a 
Sorvall (DuPont InsL Products, Biomedical Division, 
Newton, Conn. 06470) 865 rotor or similar vertical rotor at 
260,000xg for 24 hours. After centcifugation, the band of 
virus DNAls isolated and extracted five times with Isoamyl 
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alcohol sfltmaied with 100 mM Ttis-HOt p&7.8. The 
solution of BK vims DNAis then dialyzed against TE baffcr 
imtil the 260 ain/280 nm absorbance lado of the DNA is 
between L75 and 1.9a The DNA is precipitated by adjust- 
ing theNaQ concentration to 0.15M, adding two volnmes of 
elhanol, incubating die sohition at -70° C for at least 2 
houn« and centnfuging the sohidon at 12,000xg for 10 . 
nunutcs.ThcicsultingpellctofBKvinis DNAis suspended • 
in TE buffer at a concentration of 1 mg/wlL 

EXAMELE2 

Constnxction of Flasznids pBEEl and pBSE2 

About one jig of the BK vims DNA p re pa r e d in Exan^ 
1 in one pi cfTE baffcr was dissolved in 2 pi of lOx EcoRI 
buffer (LOM Tiis-Ha, pH=7 J; 0^ Nad; 50 mM Mgd^; 
and 1 ingtailBSA)and 15 plof HaO. Abont2 pi (-^10 units; 
aE enzyme units rcfccred to herein, unless otherwise 
indicated, refer to the unit definitions of New England 
BioUbs, 32 Tozer Road, Bcvaiy, Mass. 01915-9990, 
although the actual source of the enzymes may have been 
different) of restriction enzyme EcoRI were added to die 
sohition of DNA, and the resulting reaction was incubated at 
37* C for two hours- 

About 1 pg of plasmid pUC8 (available from Pharmacia 
P-L Biochemicals, 800 CentrTim'al Ave., Eiscataway, N J, 
08854) in 1 pi of ra buffer was digpsted with EcoRI in 
substantial accordance with &c procedure used to prqparc 
the EcoRI-digcstcd BK virus DNA. The EcoRI-digcstcd 
plasmid pUCS DNA was diluted to 100 pi in IE buffer, 
-0.06 units of calf-intestinal aUcdine phosphatase were 
added to the solution, and die resulting reaction was incu- 
bated at 37" C for 30 minutes. The sohition was adjusted to 
contain Ix SET (5 mM Tos-HO, JE^7.8: 5 mM EDTA; and 
150 mM NaaX 03M NaOAc, and 0.5% SDS and then 
incubated at 65* C for 45 minutes. The phosphatase treat- 
ment prevents die pUC8 DNA from self Egadng. 

The EcoRI-digested BK vims and plasmid pUC8 DNA 
were extracted first wifli buffered phenol aAd then with 
chloroform. The DNA was collected by adjusting the NaQ 
concentration of eadi DNA sohition to 0.25M. adding two 
volumes of cthanol, incubating die resulting mixtures in a 
dry ico-ctiianol batii for 5 minntes, and ccnttifiiging to pellet 
tiic DNA. The supcmatants were discarded, and the DNA 
pellets were rinsed witfi 70% cdianol, dried, and rcsus- 
pcndcd In 10 pi and 30 pi of TE buffer fcff tfic-BK and 
plasmid pUC8 san^des, respectivdy. 

About 3 pi of HjO and 1 pi of lOx ligase buffer (0.5M 
Tris-na pH=7.8; 100 mM MgOa; 200 mM DTT; 10 mM 
ATP; and 0.5 mgtol BSA) were added to a mixtore of 2 pi 
of the EcoRI-digested BK virus and 1 pi of the EcoRI- 
digested plasmid pUC8 DNA. One pi (-1000 units) of T4 
DNA ligase were added to ttie sohition of DNA, and the 
resulting reaction was incubated at 16° C overnight The 
ligatcd DNA constituted the desired pUsmids pBKEl and 
pBKE2, whidi differ wdy with respect to the orientation of 
the inserted BK virus DNA. A restriction site and function 
of plasmid pBKEl is presented in HG. 2 of die 
accompanying' drawings. 

A 50 ml culture of E cdi K12 JMia3, available firom 
Riannada P-L Biodiemicals, in Wxrotfi was grown to an 
optical density at 650 nanometers (0J>^ of ^oxi- 
matdy 0.4 absorbance units. The cuUure was chilled on ice 
for ten minutes, and die cells were collected by centrifiiga- 
tion. The cell pcUct was rcsuspcndcd in 25 ml of cold 100 
mM MgClj and incubated on ice for 25 minutes. The cells 
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were once again pcll^ by ccntnfagation, and the peHct 
was resuspendcd in 2^ ml of cold 100 mM aO, and 
incabaied fee 30 minutes on ice. Ate the incubation, the 
cells arc conq>cteat f or titxe iqrtake of trmsfanning DNA. 

TWO hundred jil of tins ceU suspension were mixed with 
the Ugatcd DNA prepared above and incubated on ice for 30 
minutes. At ttic end of this period, &e cdls were placed in 
a water bath at 42* C for 2 minutes and then returned to the 
ice fcr an additional 10 minutes. Tlie cells were collected by 
centrifugation and resuspendcd in one ml of L broth and 
incubated at 37** C fcv 1 hour: 

Aliquots of the cell mixture were plated on l^agar (L 
broth with 15 grams of agar per Uta) plates containing 100 
ug ampicillinAnU 40 )ig X-gal/ml, and 40 pg lETG/mL The 
pla^werc incubated at 37« C ovcmigjxt Colonic tot 
contain a plasmid without an insert, such as R coU K12 
JM103^UC8, ^Jpear blue on these plates. Colonies 
contain a plasmid with an insert, such as K12 
JM103^BKE1, are white. Several 'tttaXt colonies were 
selected and screened by restriction enzyme analysis of their 
plasmid DNA for &c presence of the -5^ 3d) EcoRI reac- 
tion fcagment of BK virus. Plasmid DNA was obtainedW 
the £ loUim JM103>i»BKEl and £. coli K12 JMIOS/ 
pBKE2 cefls in substantial a ccor d anc e with the procedure 
for isolating plasmid DNA that is described in the following 
Example, although the procedure is done on a smaller scale, 
and the CsQ gradient steps are omitted, when the plasmid 
DNA is isolated only for restriction enzyme analysis- 

EXAMFLE3 
Construction of Plasmids pBKncol and pBKneo2 
E. coll K12 HBlOl/pdBPV-MI^neo cells are obtained in 
lyophil form from the American T^pc Culto Collcrtion 
under the accession number ATCC 37224, TTie lyophibzed 
cells arc plated on L-agar plates containing 100 jig/nol 
ampidllin and incubated at 3r C to obtam single colony 
isolates. 

One liter of L broth (10 g tiyptone, 10 g Nad, and 5 g 
yeast extract per Uter) containing 50 Wf?^,S?^°SL2^ 
LocuUted wi& a colony of E. coU YiH HBlOiyiKlBPy- 
MMTTneo and incubated in an air-shato at 37 Cuntflttie 
O.D.«o was -1 absorbance unit, at which time 150 mg of 
cfalon^jhcnicol were added to tiie culture. The inc^)ation 
was continued for about 16 hours; the chloran^uienicol 
addition inhibits protein synthesis, and thus inhibits fiirthcr 
cell division, but allows plasmid replication to continue. 

The culture was centrifuged in a Sorvall GSA rota 
(DuPont Ca, Instrument Products, Biomedical Division, 
Newtown, Cona 06470) at 6000 iimfOTS minutes ^ 4» C 
The resulting supernatant was discarded, and the ccU pcUct 
wa! wS K^of TES bulfcr (10 mM Tdi-Ha 
pH=7 J; 10 mM NaQ; and 1 mM EDTA) and then repel- 
letcd. The supernatant was discarded, and the ccU pellet was 
frozen in adry Iceland bath and then tfiawed.Thethaw^ 
ccU pcUct wi resuspendcd in 10 ml of a solutton of 25% 
sucrSTand 50 mM EDIA. About 1 ml of a 5 nag/n^ 
Wsozyme solution; 3 ml of a25M EOTA, pH=8.0; and 100 
li of 10 mg^ml RNAse A were added to the solution, which 
was then incubated on ice for 15 nnnutes.Three ml rflyang 
solution(prcparedby mixing3ml 10%TiUon.X100^ 
0 25M ^1^, pH=8.0; 15 ml of IM Tiis-Ha pH-8.0; and 
7 ml of water) were added to tiie lysozymc-trcatcd ceUs, 
mixed, and the resulting solution incubated on ice for 
another 15 minutes. The lysed cells were frozen in a dry 
ice-ethanol bath and then thawed. 

The ceUular debris was removed from the solution by 
centrifugation at 25,000 rpm f or 40 minutes in an SW27 
rotor (Bedanan, 7360 N. Lincoln Ave. Lmcolnwood, BL 
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60646) and b7 extraction with boffocd phexioL Aboat 30.44 
g of CsQ and - 1 ml of a j mg/al dhirihim braznide solution 
woe added to the ccU g?m^t, and then, the volnzne of the 
solndca was adjusted to 40 xsl with TES boffer. The sdntion 
was ^^f^n »^ into a VHSO ultra-ceatnfuge tnbe (Bedonan), 
^^^tiich was then sealed and centxifiiged in a vnSO rotor at 
42.000 rpm for -16 hours. The resulting plasmid band, 
visualized with ultraviolet lig^t, was isolated and then 
p[ ffry* in aTHS tnbe and rotor (Beckman) and centrifaged 
at 50,000 ipm for 16 hours. Any necessary volume adjust- 
ments wcxe using TES containing 0.761 g/ml CsCL 
The plasmid band was again isolated, extracted with salc- 
satuxated isoprppanol to xemove the ethidium bromide, and 
dilated 1:3 with TES buffo, l^o vohzmes of ethanol were 
then added to the solution, which was then incubated over- 
nigjit at -20* C The plasmid DNA was pelleted by ccntii- 
fuging Oie solution in an SS34 rotor (SorvaE) for 15 minutes 
at 10»0OO xpm. 

The ^1 mg of plasmid pdBPV-MMTneo DNA obtained by 
this procedure was suspended In 1 ml of i buffer and stored 
at -20^ C The foiegoing plasmid isolation procedure is 
generally used when large amounts of vciy pure plasmid 
DNA are desired. The procedure can be n:iodified to xs^dly 
obtain a smaller, less pure amount of DNA, such as is needed 
when screening transfonnants for the presence of & given 
plasmid, by using only about 5 ml of cultured cells, lysing 
the in an i^jpiopriately scaled-down amount of lysis 
buffer, and replacing the ocntnfugation steps wilh phenol 
and chlcxofotm extractions. 

About 3 pg (5 Ml) of the plasmid pdBPV-MAn'tteo DNA 
pxcpmd above and five |ig (5 (il) of the BK virus DNA 
prqiared in EKUiq>le 1 were each digested at 37° C for 2 
hours in ia solution containing 2 (il of lOx BamHI buffer 
(13M Nad; 60 mM Ttis-Ha pH=7.9; 60 mM MgOj; and 
1 mgMBSA), 1 pi of restdctiott enzyme BamBI, and 7 ^ 
of HjO. The reaction was slopped by an extraction with an 
equal volume of phenol, followed by two extractions with 
chloroform. Each BamHI-digested DNA was then 
prec^ntated, collected by centnfogation, and resuspended in 
S pi of H2O. 

About 1 pi of lOx ligase buffer was added to a mixture of 
BamHX-digested plasmid pdBPV-MMTneo (1 pi) and 
BamHI-digested BK virus DNA (1 pi). After 1 pi (-1000 
units) of T4 DNA ligase and 6 pi of H3O were added to the 
mixmre of DNA, the resulting reaction was incubated at 16** 
C overnight. The ligated DNA constitoted the desired 
plasmids pBKneoI and pBKneo2, wfaidi differ only with 
respect to the orientation of die BK virus DNA. Arestiiction 
site and fimction m^ of plasmid pBKneol is presented in 
FIG. 3 of the accompanying drawings. . . - . 

E. coll K12 HBlOl cells arc available in lyophilized form 
&om the Northcm Regional Research Laboratory under the 
accession number HJRRL B-15626. E, coU K12 HBlOl ceUs 
woe cultured, made conq>etent for transformation, and 
transfcnned with the lifted DNA prepared above in sub- 
stantial accordance with the procedure of Example 2. The 
tzansfamed f^P* were plated on L-agar plates containing 
100 pg^ml anqncillin. coil K12 HBlOl/pBKneol and E, 
coU K12/pBKneQ2 ttansfccmants were identified by their 
ampidllin-resistant phenotype and by restriction enzyme 
analysis of Iheir plasmid DNA 

EXAMPLE4 

-••i 

Construction of Flasmid pBLcat 
A. Construction of Intermediate Plasmid pLPcat 
The virion DNA of adenovirus 2 (Ad2) is a douhk- 
strandcd linear molecule about 35.94 kb in size. The Ad2 
late promoter can be isolated on an -0J16 Idb Acd-PvuH 



25 



xestdction fragment of the Ad2 genome; this -032 Icfo 
zestnctioD fragment oozxesponds to the sequence between 
nndeotldepositioas 5755 and 6071 ci the Ad2 genome. To 
isolate the desized -0J2 Id) AccI-PvuIIicstziction fragment, 
Ad2 DNAis first ifigcsted with restriction enzyme Ball, and 
^ -2.4 kb Ball lestziction fragznent that comprises the 
entire sequence of the -0 J2 Isb Acd-PvoH rrstrictioa frag- 
ment is isolated. Then, ttie -2.4 kb Bali restriction fragment 
is digested with Acd and PvuII to obtain the desired 
fragment. 

About 50 pg of Ad2 DNA (available from BRL) are 
dissolved in 80 pi of H3O and 10 pi of lOx Ball buffer (100 
mMTtis-HapH^Zd; UOmMMgOa; lOOmMETT; and 

1 mg^mi BSA). About 10 pi (-20 units) of restriction 
enzyme Bali are added to the solution of Ad2 DNA, and the 
resulting reaction is inmhfitrd at 37*^ C for 4 hours. 

The Ban-digested DNA is loaded onto an agarose gd and 
electroph<xesed until the restriction fragments are well sepa- 
rated. Visualization of the electrophoresed DNA is accom- 
piished by staining the gd in a dilute sdutian {dS pg/nd) of 
ethidium bromide and exposing the stained gd to long- wave 
ultraviolet (UV) light One method to isdate DNA ham 
agarose is as follows. A small slit is made in the gd in front 
of the desired fragment, and a small piece of NA'45 DEAE 
membrane (Sdileidier and SchudL Keene, NH 03431) is 
placed in. each slit Upon fWther elecdxiphoresis, the DNA 
non-covalcntty binds to the DEAE memfarane. After die 
desired fragment is bound to the DEAE memfarane, the 
membrane is removed and rinsed with low-salt buffer (100 
mM KCU ai juM EDIA: and 20 mM Ttis-HO, pH=8). 
Next, the membrane is placed in a sxnaE tube and immersed 
in high-saU buffer (IM Nad; 0.1 mM EDTA; and 20 mM 
Tris-HCl, pH^sS) and then incubated at 65^ C for one hour 
to remove the DNA from the DEAE papci; Aftcs* the 65*" C 
incubation, the incubation buffer is collected and the mem- 
brane rinsed with high-salt buffer. The high-salt rinse solu- 
tion is pooled with &e high-saU incubation buffer: 

The volume of the high sal^DNA solution is adjusted so 
that the NaQ concentration is Ql25M, and then three vol- 
umes of cold, absolute ethanol are added to the sdution. The 
resulting sdutioh is mixed and placed at -70° C for 10-20. 
minutes. The solution is then oentrifuged at 15,000 rpm. for 
15 minutes. After another precipitation to remove residud 
salt, die DNA pellet is rinsed with ethanol, dried, resus- 
pended in 20 pi of TE buffer, and constiUites about 3 pg of 
the desired restriction fragment of Ad2. The purified frag- 
ment obtained is dissdved in 10 pi of TE buffer 

About 6 pi of H2O and 2 pi of lOx Acd buffer (60 mM 
NaQ; 60 mM Xris-HO, pH=7.5; 60 mM MgO^; 60 mM 
DTT; and 1 mg^ BSA) are added to die sdntion of the 
-2.4 kb Ball restriction fragment of Ad2. After the addition 
of about 2 pi (-10 units) of restriction enzyme Acd to the 
solution of DNA, die reaction is incubated at 37^ C for 2 
hours. After the Acd digestion, the DNA is collected' by 
ethand precipitation and resuspended in 16 pi of H2O and 

2 pi of lOx Pvun buffer (600 mM NaCU 60 mM THs-HO, 
pH=i7.5; 60 mM MgO^; 60 mM DTT; and 1 mgAd BSA). 
After the addition of about 2 pi (about 10 units) of restriction 
enzyme PvuII to the solution of DNA, the reaction is 
incubated at 3T* C for 2 hours. 

The Aod-PvuII-4igested, -Z4 kb Bali restriction frag- 
ment of Ad2 is loaded onto an -6% polyacrylamide gd and 
electrophoiesed until the ^32 kb Acd-PvuH restriction 
fragment that comprises the Ad2 late promoto' is separated 
from the other digestion products. The gd is stained with 
ethidium bromide and viewed using UV light, and die 
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segment of gel containiag the kb Acd-PvuII rcstzic- 
tion fnigmmf is cat from the gd, ooshed, and soaiccd 
overnight at room trmpcncure in "250 fil of extraction 
bofiier (500 inM NH^OAc; 10 mM MgOAc; 1 znM EDOA; 
and 0.1% SDS). The following morning, the mixtme is 
centiifdged, and the peEct is discarded. The DNA in the 
supernatant is precqdtated with ethanol; about 2 pg of tRNA 
are added to ensure conq)lete precipitation of the desired 
fragment About 0 fig of the -0 J2 kfo Acd-PvoIZ restric- 
tion fragment are obtained and suspended in 7 pi of H^O. 

About 025 Mg (in 0^ MO of Bdllinkcra (y-CTGATCAG- 
3*, available horn New England Biolabs), wMdi had been 
kinased in substantial accordance with the procedure 
desoibed in Example lOA, below, was added to the solution 
of tiie -032 Idb AccC-PvuIErestxicdon fragment, and then. 1 
pi (-1000 omts) of T4 DNAligase and 1 pi of lOx ligase 
buffer were added to the solution of DNA, and the resulting 
reaction was incubated at 16° C overnight Thie BcII linkers 
could only figate to the PvuII end of the Acd-PvuIXrestdc- 
tion fragment DNA sequencing later revealed diat four BcU 
linkers attached to the PvuII end of the AccI-PvoQ restzic- 
tion fragment These extra Bdl linkers can be removed by 
Bdl digestion and religation; however, the extra Bell Hnkers 
were not removed as the linkers do not intexfeie with the 
proper functioning of the vectors that canq>cise the extra 
linkers. 

E, eoU gii HB1014iSV2cat cells are obtained in lyo- 
philized form from the ATCC under the accession number 
ATCC 37155, and plasmid pSV2cat DNA was isolated from 
the cells in substantial accordance with the procedure of 
Exan^e 3. A restriction site and function map of plasmid 
pSV2cat is presented in FIG. 4 of the accOTapanying draw- 
ings. About i mg of plasmid p5V2cat DNA is obtained and 
dissolved in 1 ml of TB bu£fen About 3 pg (3 fil) of the 
plasmid pSV2cat DNA were added to 2 pi of lOx Acclba£fer 
and 16 pi of H3O, and&en, 3 pi (about 9 units) of restriction 
enzyme Acd were added to die sohition of pSV2cat DNA, 
and the resulting reaction was incubated at 37^ C for 2 
hours. The Acd-digested plasmid p5V2cat DNA was then 
digested with restriction enzyme Stiil by addin|[ 3 pi of lOx 
StuI buffer (l.(M Nad; 100 mM TOs-HCU pH=8.0; 100 
mM MgOa; 60 mM DTI^ and 1 mgtal BSAX 5 pi of HjO; 
and about 2 pi (about 10 imits) of restriction enzyme SmL 
The resulting reaction was incubated at 37"* C for 2 hours. 
The reaction was tHT"!"^^'^ by extracting the reaction 
mixture once with phenol,' then twice with cfalcrofoim. 
About 0.5 pg of the desired fragment was obtained and 
dissolved in 20 pi of TE buffer 

About 4 pi of the Acd-StuI-digested plasmid pSV2cat 
DNA were mixed with about 7plofthe-032kfo AccI-PvnII 
(with BcH linkers attachetQ restriction fragment of Ad2, and 
after the addition of 3 pi of lOx ligase buffer, 15 pi of H3O, 
and 2 pi (about 1000 units) of T4 DNA ligase, the ligation 
reaction was incubated at 16** C ovonight The Hgated DNA 
constimtBd the desired plasmid pLPcat a plasmid that 
comprises the Ad2 late promoter posidoned so as to drive 
transcription, and thus e^^ession, of the dilonurq)henicol 
acetyhransfcrasc gene. Arestciction site and function map of 
plasmid pLPcat is presented in FIG. 5 of the accon^anying 
drawings. 

The ligated DNA was used to transfocm £1 coS K12 
HBlOl in substantial accordance with the procedure of 
Exan^de 3. The transformed cells wae plated on L agar 
containing 50 pg/hil amjpidUin; restriction enzyme analysis 
of plasmid DNA was used to identify the E. coU K12 
HBlOl^jLPcat transformants. Plasmid pLPcat DNA was 
isolated from the transformants for use in subsequent con- 
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structions in substantial aocordance with the piamj i^ isoia- 
tioa pxocednre desaibed in Exaisqile 3. 
B. Hoal Construction of Flasnud pBLcat 

About 88 (ig of plasAxd pBKoeol DNA hi 50 ^1 of TB • 
boffcr were added to 7.5 pi of IQx Acd buffer, 30 \d of H^O, 
and 15 yi (about 75 units) of icstdction enzyme Acd, and 
the resulting reaction was incubated at 37^ C for 2 hours. 
The Acd-digestcd BK virus DNA was loaded on an agarose 
gcU and the -1.4 Id) fragment that contains the BK enhancer 
was separated from the other digestion products. The -1.4 
^ Acd restriction fragment was ttica isolated in substantial 
accordance with the procedure desaibed in Example 4A. 
About 5 pg of the fragment were resuspended in 5 pi of lOx 
PvuH buffo-, 45 pi of HjO, and 5 >a (about 25 units) of 
restriction enzyme PvuH, and the resulting reaction was 
incubated at 3T* C for 2 hours. The PvuH-digestcd DNA 
was then isolated and prepared for ligation in substantial 
accordance with the proccdnre of Example 4A. About 2 pg 
of the desired -1.28 ld> Acqd-Pvun fragment were obtained 
and dissolved in 5 pi of TE buffet 

About 1 pg of plasmid pLPcat DNA was dissolved in 5 pi 
of 1 Ox Acd buffer and 40 pi of H3O. About 5 pi (-25 units) 
of restxiction enzyme Acd were added to the solution of 
pia^dpLPcatDNA, and the resulting reaction was incu- 
bated at 37' C The Acd-digestcd plasmid pLPcat DNA was 
precqiitated with ethanol and xesuspended in 5 pi of lOx S tol 
buffer, 40 pi of H3O, and 5 pi (about 25 units) of restriction 
enzyme StuL and the resulting reaction was incubated at 37** 
C for 2 hours. The Acd-^tul-digested plasmid pLPcat DNA 
was precipitated with ethand several tunes to purify the 
•-4.8 1 kb Acd^StuI restriction fragment that con^niscs the 
£, coU ocxgiD of replication and Ad2 late promoter away 
from the other digestion product, a restriction fragment 
about 16 bp in size. About 1 pg of the desired *^.31 kb 
restriction fragment was obtained and dissolved in 20 pi of 
TE buffer. 

The 5 pi of -4.81 kb Acd-Snal restriction fragment of 
plasmid pLPcat were added to 5 pi of -1.28 Idb Acd-PvuH 
restriction fragment of BK virus. Ailer the addition of 3 pi 
of lOx ligase buffer, 15 pi of H3O, and 2 pi (about 1000 
units) of T4 DNAligase to the mixture of DNA, the resulting 
ligation reaction was incubated at 16** C overnight. The 
ligated DNA constituted the desired plasmirf p B L x?a t A 
restxiction site and function map of plasmid pBXxat is 
presented in FIG. 6 of the accompanying drawings. 

The ligated DNA was used to transform E. coii KM 
HBlOl cells in substantial accordance with the procedure 
descxibed in ExampTe 3. K coli K12 HBlOl/pBLcat trans- 
formants were identified by restnction enzyme analysis of 
their plasmid DNA. Plasmid pBLcat DNA was prepared fcr 
use in subsequent constructions in substantial accordance 
with the procedure of Example 3. 

EXAMPLE 5 

Cottstmction of Plasmid pSBLcat 

About 100 pg of plasmid pBLcat DNA were dissolved in 
10 pi of lOx Hindin buffer (0.5M Nad; O.IM Tiis-HCl, 
pH=8.0; O.IM Mg(3a; and 1 mg/ml BSA) and 80 pi of HjO. 
About 10 pi (about 1(X} units) of restriction eozyme TTinrfnr 
were added to the solution of plasmid pBLcat DNA, and the 
resulting reaction was incubated at 37"* C for 2 hours. The 
Hindin-digested plasmid pBLcat DNA was loaded onto an 
agarose gel and electzophoresed until the -0.87 kb TTiTirfnt 
rescdctioa fragment that comprises the BK gnh^n^ r and 
Ad2 late promoter was well separated from the other diges- 
tion products; then, the -0.87 kb fragment was isolated and 
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prepared for Iig«iIoB in lubsantial acconlaoa wUh the 
of Sple 4A. Aboot 10 Jig of to«d 
f^S^^ocSed and dlssQlycdinSOplofTE buffo: 

Aboot 1 U2 of plasmidpSV2cat DNAin 1 pi of TE tafite 

About 1 Vi (about 10 unto) of lestriction cn^jme Hindm 
was addedtothcsotationof DNA, andtheicsutongreactioa 
^ t^ated at 3r C for 2 homs. Tte leadoon was 
stopped by extracting the reaction mtsao ^^^^^ P^^^ 
^wice with diteofonn. The HindHMigested piasnnd 
BSV2cat DNA was precipitated with ediaaol and resus- 
^LlOO^ofTEbuffetTheHindni-di««jed 
Sv2cat DNA was treated with calf-intestuial alkaline phos- 
gatast in substantial a««^«=« ^ 
Laaple 2 and then resuspended in 10 pi of TB buffer. 

• About 5 111 of the -0.87 Idb 
pl^pBLcalweie^ldedtothelOljl^^ 
SasnddSsV2cat. tod then. 3 |U of lOx hgase btfa, 2ja 
about lOM units) of T4 DNAUgase, and 13 pi of H»0 were 
Ufcd to the sotation of DNA, and *eresultingieaction was 
kaibated at 16* Cfbr2 hours.The Ugatcd DNAconstimted 
S™Sd plasmid pSBLcat Ihe Ugated DNAwas used to 
SiS&eoUKnHBlOlinsubstantialaccatdaKewilh 

the iwcedare of Ex«nple 3. •I^.'^'»°fi,?^JSl 
BlatS on L agar containing anpidDin. and the plasmid 
DKA of the ampidmn-ieaistant ttansfonnantt was exani- 
S^VrestdX^ analysis toidaibg fte £ 
K12 roiOiypSBLcat transfonnants. TTie -0.87 kb Emdm 
restriction &^«ntthat encodes the BK enhan^r and Ad2 
S^^^uld insert into Hi«dIII-4ig«t«rf ptod 
pSsSoneof two oiientations, only one ofwhichyid^^ 

5uLiid pSBLcaL A restriction site and flmcaon inap of 
plasmid^LotispresentedinnO. 8of theaccompanymg 

drawings. 

E:CAMFUB6 
Constmcdon of Plasndd pL133 
A. Construction of Intermediate Plasmid pSV2-HPC8 
Plasmid pHCT comprises a DNA sequenw f^;^' 
h™ proiin C One litcr-of Uhrodi «ntammg ^ pg^ 
tetracy.^ was inoculated with a cnllme 
SShC7 (NRRLB-15925), andplasnudpHCT DNAwas 

SS^^and stored at -20» C Arestric^n ate «d fua^on 
map plasmid pHO ia presented in HQ. 9 of the accom- 
oanyins drawings. 

Eftv ul of the plasmid pHCT DNA were nnxed with 5 pi 
(-?2K) ofTi.riction enzyme Baal.. 10 pi of lOx^ 

icartloSbiffer (1 JM Natt 60 mM Trf^-Ha P^^^'^ 
STmsO,; aiid 1 mgAnl BSA). »«^,i°L^° ^1 
incubate! until the digestion was cDH^dcte. The Banl- 
SSsSla«»idpHCT DNA was then electwphocesed on a 
?J?SS^1««W« P5=^- aoylamideAisaaylarmde^ 
"5*^ tt Ba5l restriction fiagment was separated 
from the other digestion products. 

The region of the gel containing the -L23 kb BaiJ 
^Xg^nt wi cut ftom the gel, Pl,«f 
X^dbroirintosmanfragm^B^Onemlo 

bufer (500 mM NH.OAc 10 mM MgQAc, 1 



the overnight extraction, ato tw*»»s ^f-ni were 
added to and mixed wUh the supeEoawau * « 

fegnicnt was suspended m « J^;"^^ ^ nodifiedby 
-20* CTheBanlrcstnctioafegmMtM*" '^^^ 
,^,5ition of a Mnte to constmct ^"^Pj^l^ 

w« synthesized etfhcr J"^*. g Chandler Drive. 

Acad. SeL U^X. 75-^7d3. of the linker 

HvehnndredpicoB»)les^«A^ 

were kinasedinM vl «f ««f °?,2^TlU lOx Ugase 
mils (-0^ PJ) T4 P^y^:^^-f^^,o mSase 

to inSS- at 100- C fcr 10 
reaction was tcnmnated «V Jf ™? MnaHon, the reaction 

was dulled on 2 « ^^nnlvlUlclcotide Idnase were 
mM ATP, and 15 unit. ?^^^^^^^ the reaction 
added to thercacdon naxtitte a^jV^^^Tat 37* C Tho 

^ ^hy^^SSi^lHSe^Sb^- at 
reactioa was stopped oy aaui*"* 

100- C two single strands ofthe 

Altho«ghldnaseds«5a«^2^*«^^^^ 

? ,??O^ft.rT0 in a water bath con- 

incubated at 100" f- ^'tj^^ incubation, the water 

bath was. »«»'"'*»^fr^!^^hc water bath, still con- 
a process taldng ^Is^ incubated at 4« 

^^Slicted had the following structure. 



y-AiLCTACTCCACOJ- 



T^e linte was s»^ J^^^t terc «ided » and 
■^Jl'if liSSSS^^icomoles). lplofT4 
Bjixcdwilh the-30 "°r\^ , lOx lizase buffer, and 29 
DNA ligase (-500 umts). ^,3 ij^abated 

,1 of H,a «f J?«i^SS^^"s^ by a 10 

^;^?:^^n^"srcg|;A-^^ 
:-L"^isrotsiir?sriSi^«d 

then centofiigingthe soludOT. j. pl of 105« Apal 
The DNA pellet '1««*^t^.^cU pft»7.^k ^ 

ndrf MgO^ and «> ^1^^^ 85 pi of HaO. and the 
units) of ie«nctione^^«^^ 

:rS.:SI^«d"^SlfApeaetedasabove.mDNA 
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peHet was dissolved in 10 |d of lOx HinrfTTT reaction buffet; 
5 ^l (-50 onits) of restnction enzyme TTi'nrfrrr and 85 ^1 of 
HjO, and the reaction was placed at 37* C for two hours. 
After the Mndm digestion, the reaction mixture was loaded 
onto a 3^% polyaaylamide gel, and the desired -1^ kb 
HindnZ-ApalicstEiction fragment was isolated in finK<taT^n>| 
accocdance with the procednre described in Exanq>le 4A. 
Approximatei/ 5 pg of the desired fragment were obtained, 
suspended in 10 jil of TE buffet, and stored at -20** C 

Fifty |ii of plasmid pHC7 DNA were mixed with 5 >il (-50 
uniu) of rcstziction enzyme Pst£, 10 mI of lOx Psa reaction 
buffer (1.QM Nad; 100 mM Tris-HO, pBt=7^; 100 mM 
MgCl,; and 1 mg^ BSA), and 35 pi of H3O and incubated 
at 37* C for two hours. The FsU-digested plasmid pHC7 
DNA was then electrophoresed on a 2S% polyaoylamide 
gel, and the desired -^j-SS Icb fragment was porifled in 
substantial acosdance with the procedure descnbed above. 
Approximately 5 pg of ttie desired fragment were obtained, 
suspended in 10 |il of TB buffcx. and stored at -20* C 

The -5 |ig of -ass kb FstI fragment were added to and 
mixed widi -50 pi of the following linker, which was 
constructed on an automated DNA synthesizen 

5*^aATCAAp3' 

llllllll 

About 1 pi of T4 DNA ligase (-10 units), 10 pi lOx ligase 
buffer, and 29 pi H3O were added to the mixture of DNA, 
and the. residting ligation reaction was incubated at 4* C 
ovendght 

The ligation reaction was stopped by a 10 mimite incu- 
bation at 65* C After p r ecipi tadon of the ligated DNA, the 
DNA pellet was dissolved in 10 pi of lOx Apal reaction 
buffer, 5 pi (-50 uiuts) of restdcdon enzyme ApaL and 85 pi 
of H2O, and the reaction was placed at 37* for two hours. 
The rcacdon was then stopped and the DNA pelleted once 
again. The DNA pellet was dissolved in 10 pi lOx BgUI 
reaction buffer (IM NaQ; 100 mM Tris-HO, pBt=7.4; 100 
mM MgO^; 100 mM T-mero^toetfaanoI; and 1 mg/ml . 
BSA), 5 pi (-50 units) of restriction enzyme BgUL and 85 
pi HjO, and the reaction was placed at 37" C. for two hours. 
After the BglEC digestion, the reaction mixture was loaded 
onto a 3.5% polyaoylamide gel, and the desired -0.19 kb 
^al-Bgin restriction fragment was isolated in substantial 
accordance with the procedure described above. Approxi- 
mately 1 pg of the desired fragment was obtained, suspended 
in 10 pi of TE buffer, and stored at -20* C 

Approximately 10 pg of plasmid pSV2gpC DNA (ATCC 
37145) were dissolved in 10 pi of lOx Hindm reaction 
buffer, 5 pi (-50 units) of restriction enzyme HfintlTT. and 85 
pi of H3O, and the reaction was placed at 37* C for 2 hours. 
The reaction mixture was then made 0.25M in NaOAc, and 
after the addition of two volumes of ethanol and incubation 
in a dry ice-ethand bath, the DNA was pelleted by centrifU- 
gation. The DNA pellet was dissolved in 10 pi of lOx BgUI 
buffer, 5 pi (-50 units) of restriction enzyme BgCH and 85 
pi of H3O, and the reaction was placed at 37* C for two 
hours. After the BgDDC digestion, the reaction mixture was 
loaded <Hito a 1% agarose gel, and the fragments were 
separated by electrophoresis. The gd was stained with 
etfaidlum bromide and viewed under ultraviolet light, and the 
band containing the '^ Aii r*{ —5,1 kb Hiadm-BgUZ fragment 
was cut ffom the gel and placed in dialysis mbing, and 
electrophoresis was continued until the DNA was out of the 
agarose. The buffer containing the DNA from the dialysis 
tubing was extracted with phenol and CHO,, and then, the 
DNA was precipitated The pellet was resuspended in 10 pi 
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of TE baffcr and oonstimtcd -5 jig of tbc desired -5.1 kb 
Hiadm-BgQI icstdction firagznenl of pUsmid pSV2gpL 

Two of the -1 J3 kb HindHZ-A^ icstdction ficagment; 
3 ^ of the -0.19 kb Apal-B^ firagmeot, and 2 of &e 
-5.1 kb Hmdm-BglE fragment were mixed together aad 
then incubated with 10 pi of lOx ligasc buflfo, 1 jil of T4 
DNA ligase (-500 units), and 82 }il of H3O at 16** C 
ovcmighL The ligaled DNA constituccd the desired plasmid 
pSV2-HPC8; a restriction site and function map of ifae 
plasmid is presented in FIG. 9 of the accompanying draw- 
ings. 

£ coU K12 RRl (NRRL B-1521Q) celU were made 
competent for transformation in sabstantial accordance with 
the procedure desoibcd in Example 2. The ligated DNA 
prepared above was used to transform die cells, and aliqaots 
of the transfonnation mix were plated on L-agar plates 
containing 100 pg/^ ?r"p^^^«- TTic plates were then 
incubated atSl'^CE. coU K12 RRi;i)SV2-HPC8 transfor- 
mants were verified by restriction tor<fTD& analysis of their 
plasmid DNA. 

B. Final Construction of Plasmid pL133 

Fifty Jig of plasmid pSV2-HPCa were (fissolvcd in 10 pi 
of lOx ffindHIicaction buffer, 5 pi (-50 units) of restriction 
enzyme w?tiHTn and 85 pi of HjO, and the reaction was 
incubated at 37** C for two hours. After the HindTTT 
digestion, the DNA was prccqjitated, and tfie DNA pellet 
was dissolved in 10 pi lOx SaHreaction buffer (L5M NaQ; 
60 mM Tris-HCU*pH=7.9; 60 mM MgOi; 60 mM 
2-mcrcaptocthanol; and 1 mgiW BSA), 5 pi (-50 units) of 
restriction enzyme SaE, and 85 pi of H^O. The resulting Sail 
reaction mixture was incubated for 2 hours at 37' C The 
Hindni-SaII-4igestcd plasmid pSV2-HPC8 was loaded onto 
a 3J% polyacrylamidc gd and .electxophoresed until the 
desired -0.29 kb HindET-Sall restriction fragment was separ 
rated from the other reaction products. The desired fragment 
was isolated from the gel; about 2 pg of the fragment were 
obtained and suspended in 10 pi cf TC buffec 

Fifty pg of plasmid pSV2-HDPC8 were dissolved in 10 pi 
of lOx Bgin rcacdon buffet; 5 pi (50 units) of restricdon 
enzyme Bgin. and 85 pi of HjO, and the reaction was 
incubated at 37' C foe two hours. After the Bglll digestion, 
the DNA was precipitated, andthc DNApdlet was dissolved 
in 10 pi of lOx SaH reaction buflfcr, 5 pi (-50 units) of 
restriction enzyme SalL and 85 pi of H^O. The resuldng Sail 
reaction mixture was incubated for 2 hoars at 37" C The 
Sall-Bglll-digcsted plasmid pSV2-HPC8 was loaded onto a 
3.5% polyacryiamide gel and dectrophoresed undl the 
desired -1.15 kb SaO-Bglll restriction fragment was sepa- 
rated from the other reaction products. The -1.15 kb Sall- 
BgHC restriction fragment was isolated from die gel; about 8 
pg of fragment were obtained and suspended in 10 pi of TE 
buffer. 

Approximatdy 10 pg of plasmid pSV2-P-globin DNA 
(NRRL B-15928) were dissolved in 10 pi of lOx Hin dTT T 
reaction buffer, 5 pi (-50 units) of restriction enzyme 
piTirfm and 85 pi of H^O, and the reaction was placed at 37'» 
C for 2 hours. The reaction mixture was then made 0.25M 
in NaOAc and after the addition of two volumes of cthanoi 
and incubation in a dry ic6<thanol bath, the DNA was 
pelleted by centrifugarioh. The ffiadm-digested plasmid 
pSV2-^globin was dissolved in 10 pi of lOx BglH buffer, 
5 pi (-50 units) of restriction enzyme BglH, and 85 pi of 
and the reaction was placed at 37* C- f <ff two hours. 
After the BgUI digestion, the reaction mixmrc was loaded 
onto a 1% agarose gcL and the fragments were separated by 
electrophoresis. The desired -4J kb Hindm-Bgin restric- 
tion fragment was isolated from the gd; about 5 pg of the 
desired fragment woe obtained and suspended in 10 pi of 
TE buffet; 
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TWo ^l of die -0^9 kb HindlZZ-Sall fragmcac of plamid 
pSV2-HFC3, 2 pi of the -1.15 kb Sall-BgDI fiagmmt of 
plaszxiidpSV2-HPC3t and2 pi of Che -42 kb HiadXI^Bglll 
fragment of pbsmid pSV2-^globin were mixed togetho' 
and ligated in substantial accordance with the proccduxe of 
Exanqile 6A. The ligated DKA constituted the desxted 
plaszmd pL133; a restzicdon site and foncdon of 
piafftmM pL133 is presented in FKj. 9 of the accoo^anying 
drawings. The desired £ eoU K12 RRl/pL133 transform 
mants were constructed in substantial accordance with the 
tf^rhin^ of Example 6A, with the cxcepdon that plasmid 
pL133, rather than plasnjid pSV2-HPC8, was used as the 
transforming DNA. 

EXAMPLE7 

Construcdon of Flasmid pLPC 

About 20 fig of plasmid pBLcat DNA were dissolved in 
10 pi of lOx Hindm haSa and 80 of HjO. About 10 pi 
(-100 units) of restriction enzyme TTinrfm were added to the 
solution of plasmid pBl^t DNA, and the resulting reaction 
was incubated at 37^ C for 2 hours. The Hindni-digested 
plasmid pBLcat DNA was loaded onto an agarose gel and 
eledrophoresed until the -0.87 kb HindTTT restriction frag- 
ment that composes the BK enhancer and Ad2 late promoter 
was separated from the other digestion products; then, the 
-0.87 kb fragment was isolated and prepared for ligadon in 
substantial accordance with the procedure of Example 4A. 
About 2 pg of the desired fragment were obtained and 
dissolved in 5 pi of TE buffer. 

About IJ pg of plasmid pL133 DNA was dissolved in 2 
plof lOx Hindm buffer and 16 Id of H2O. About lpl(-10 
units) of restzicdon enzyme Winrfrn was added to the 
soludon of DNA, and the resulting reaction was incubated at 
37" C for 2 hours. The DNA was then diluted to 100 pi with 
TE buffer and treated with calf-intestinal alkaline phos- 
phatase in substantial accordance with the procedure in 
R ramplff 2. The Hiudlll-digested plasmid pL133 DNA was 
extracted twice with phenol and once with chlorofonn. 
precipitated with ethanol, and resuspended in 10 pi of T£ 
buffen 

About 5 pi of the -0.87 kb TTmrfnT restziction fragment of 
plasmid pBLcat were added to the 1.5 pi of HndDI-digested 
plasmid pL133, and dien, 1 pi of lOx Hgase buffer, 1 pi 
(-1000 units) of T4 DNA ligase, and 1.5 pi of HjO were 
added to the soludoo of DNA, and the resulting reaction was 
incubated at 16" C ovemi^ The ligated DNA constituted 
the desired plasmid pLPC A restncdon site and function 
map of plasmid pLPC is presented in HG. 10 of the 
accompanying drawings. 

The ligated DNA was used to transfom K coU K12 
HBlOl in substantial accordance with the procedure of 
Exan^de 3. Tlie transfonned cells were plated on L agar 
containing ampicillin, and the plasmid DNA of the 
an^dllin-resistant transfonnants was examined by restzic- 
tion enzyme analysis to identify the £1 coU K12 HBlOl/ 
pLPC tcansfbtmants. The -0.87 kb Hindm restriction frag- 
ment that encodes the BK enhancer and Ad2 late promoter 
could insect into Sndm-digested plasmid pLD3 in one of 
two orientations, only one of which yields plasmid pLPC 

EXAMPLES 

Construction of Plasmids pLPC4 and pLPC5 

About 1 pg (1 pD of the BK virus DNA prepared in 
Example 1 and 1 pg of plasmid pLPC (1 pi) were dissolved 
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Id 2 ^1 of lOx EcqRI buffer and 14 pi of H^O. About 2 pi 
(-10 anits) of lestzictioii enzyme EcoRI were added to the 
solution of DKA, and the resulting reaction was incubated at 
37' C for 2 hours. TTie EcoRI-digestcd mixmrc of BK vims 
and plasiaid pLPC DNA was extracted once with buffered 
phenol and once with chioroform. Then, the DKA was 
coUected by adjusting the NaQ concentration to 
adding two volumes of etbanol, incubating ^ sohition in a 
dry ico-ethanol bath for 2 minutes, and centtifiiging ihe 
sohition to pellet the DNA. The supernatant was discaxded, 
and the DNA pellet was rinsed with 70% ethanoU dried, and 
resuspcnded in 12 pi of TE buffec 

About 13 pi of E2O andl pi of lOx Hgase buffer were 
added to the EcoRI-digested niixture of BK virus and 
plasmid pLPC DNA. Two pi (-1000 units) of T4 DNAligase 
were added to the solutiott of DNA, and the resulting 
reaction was incubated at 16^ C for 2 hours. The Ugated 
DNA constituted the desired plasznids pLPC4 and pLPC5, 
which differ only with respect to the orientatioa of the 
inserted BK virus DNA. A restriction site and function m^ 
of plasmid pUPC4 is presented in HG. 11 of the accoirq>a- 
nying drawings. 

The Hgated DNA constituted the desired plasmids pLPC4 
and pLPC5 and was nsed to transform £ coU K12 HB 101 
consent ceUs in substantial accordance with theprocednre 
<^ Example 3. The transformed cells were plated on L agar 
containing 100 pgfr ni ampidllin* The coii TCll HB 103/ 
pLPC4 and E. eoli K12 HB101/pLPC5 tiansfocmants were 
friffntffifff^ by their ampicinin-resistant phenotype and by 
restnction enzyme analysis of diexr plasmid DNA. 

EXAMFLE9 

ConstructiQn of Flasmids pLPChygl and 
pLPChygJZ 

E. coU K12 RR14}SV2hyg cells are obtained firom the 
Northexn Regional Research Laboratory under the acoessiott 
number NRRL B-1S039. Plasmid pSV2hyg DNA is 
obtained &om the cdls in substantial accordance with the 
procedure of Example 3. A restricdon site and function map 
of plasnddpSV2hyg is presented in F£G. 12 of the accQm" 
panying drawings. 

About 10 pg ffn 10 pi of TE buffer) of plasmid pSV2hyg 
were added to 2 pi of lOx BamHT buffer and 6 pi of HjO. 
About 2 pi (about 20 units) of restriction enzyme BamHI 
were added to the soiutioil of DNA, and the resulting 
reaction was incubated at 37^ C for 2 hours. The reaction 
was extracted first with phenol and then was extracted twice 
with ddorofozm. The BamHI-digested plasmid pSV2hyg 
DNA was loaded onto an agarose gel, and die hygromydn 
resistance gene-containing, -2.5 Icb restriction fragment was 
isolated in substantial accordance with the procedure 
described in Example 4A. 

About 5 pi of lOx Klenow buffer (0.2 mM in each of the 
four dNTPs; 0.5MTiis-HCl, pH.=7,8; 50 mM Mgd,; aiM 
2-mercaptoethanol; and 100 pgAnl BSA) and 35 pi of HjO 
were added to the solution of BamHI-digested plasmid 
pSV2hyg DNA, and then, about 25 units of Klenow enzyme 
(about 5 pi, as marioBted by BRL) were added to the mixture 
of DNA, and the resulting reaction was incubated at 16° C 
for 30 minutes. Tie Klenow-treaied, BamHI-digested plas- 
mid pSV2hyg DNA was esctracted once with, phenol and 
once with ddarcfonn and then precq>itated with ethanoL 
About 2 pg of the desired fragment were obtained and 
suspended in 5 pi of TE buffet: 

About 10 pg (10 pi) of plasmid pLPC DNA were added 
to 2 pi of lOx Stal buffer and 6 pi of H3O. About 2 pi (-10 
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noits) of Testdcdaa enzyme Stnl were added to (he soiotion 
of DNA, and tfae zesulting reaction was incabated at 37* C 
for 2 boon. The Scol-digested plasmid pLPC DNA was 
prrdpifntrri with etfaanoU collected by centnfugation, and 
resounded in 2 pi of lOx Kdel buffer (IJM KaO; O.IM 
Tris-HCl, pH=7.8; 70 mM MgClj; 60 mM 
2-inercaptoethanQl; and I m^fal BSA) and 16 pi of HjO. 
About 2 pi (-10 onits) of lestdction enzyme Ndel were 
added to die sduttoa of Stnl-digested DNA, and the xesul^ 
ing reaction was incubated at 37^ C for 2 hoars. 

The NdetStoI-digesied plasmid pLPC DNA was precipi- 
tated with ethanol, collected fay oentrifagatiQn, and resus- 
pended in 5 jil of IQx Klenow buffer and 40 pi of RJD. 
About 5 pi (-^25 units) of Klenow enzyme were added to the 
solution of DNA, and the resulting reaction was incabated at 
16^ C for 30 imnntes. After the Klenow reaction, the 
rcacdoa mixoire was loaded onto an agarose geU and the 
-S.S2 kb Ndel-^tuI restzicdon fiagmcnt was isolated from 
the gcL About S (ig of the desired fragment were obtaiaed 
and suspended in 5 pi of TE boffcc 

About 2 pT of the -2^ ld> Klenow-treated BamHI restric- 
tion fragment of plasmid pSV2hyg were mixed with about 
1 pi of the -5.82 Icb Klenow-treated Ndel-StuI lestxiction 
fragment of plasmid pLFC, and aboot 3 pi of lOx ligase 
buffer; 2 pi of T4 DNAligase (-1000 units), 1 pi of T4 RNA 
ligase (-1 unit), and 14 pi of B3O were added to the solution 
of DNA. The resulting reaction was incubated at 16° C 
overnight The ligated DNA constituted the desired plasmids 
pLPChygl and pLPC2(yg2, whidi differ only with respect to 
the orientation of tfae ~2J U) Klenow-treated, BamHI 
restiicdon fragment of pUsmid pSV2hyg. A restriction site 
and function map of plasmid pLPChygl is presented in FIG. 
13 of the accompanying drawings. The ligated DNA was 
used to transform £. eoli ini HBlOl in substantial accor- 
dance with the procedure of Exaople 3. The desired E, coU 
K12 HBlOlVipLPChygl and£L coU K12 HB1014jLPC2xyg2 
transfocmants were plated on L agar containing ampicillin 
and f'^fn tf fifd by restriction enzyme analysis of their plas- 
mid DNA. 

EXAMPUEIO 
Construction of Plasmid pBW32 
A. Construction of Intermediate Plasmid priPA103 
Plasmid pTPAI02 conqiriscs the coding sequence of 
human tissue plasminogen activator (TPA). Plasmid 
pTBMQ2 can be isolated from E. coU K12 MM294/ 
p'IPA102, a strain available from the Northers Regional 
Research Laboratory under the accession number NRRL 
B-1S834. A restriction site and fimction map of plasznid 
plTAIQZ is presented in FCG. 14 of the accompanying 
drawings. Plasmid pT^U02 DNA is isolated from K coU 
K12 MM294/jpTPA102 in substantial accordance with the 
procedure of Example Z 

About 50 pg of plasmid |a?A102 (in about 50 pi of TE 
buffer) were added to 10 jd of lOx TthllU buffer (OJM 
NaCU 80 mM Tiis-HCL pH=»7.4; 80 mM Mga.; 80 mM 
2-mcrc^>tocthanol; and 1 mg^ml BSA) and 80 pi of H^O. 
About 10 pi (-50 units) of restriction enzyme TthllH were 
added to the solution of DNA, and the resulting reaction was 
incubated at 65° C for 2 hours. The reaction mbcture was 
loaded onto an agarose gel, and the -4.4 ld> Ttfallll restric- 
tion fragment ♦^^^ comprises the TPA coding sequence was 
isolated from die geL The other digestion products, 3.1 kb 
and 0 J ]d> restdction fragments, were discarded. About 10 
pg of the desired -A A kb TtfalHI restriction fragment were 
obtained and suspended in 10 pi of IB buffer. 
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About 5 ^l Gf lOx Kleaow buffer aad 30 pi of H3O were 
added to ttic solotioii conqirising .the -4,4 fcb Tlhllll 
restxictioa fragment and after the fiffther additioa of about 
5)doi Klenow enzyme (-5 units), the reaction mixmre was 
incnbaied at 16' C te 30 minutes. After the Klenow 
reaction, the DHA was prec^iitated with ethanol and reso^ 
pcndcdin3 pi of lOx ligasc bufEtr and Upiof H^O. 

BamHI linkers (Kew England Biolabs), which had the 
following sequence: ' 



3*-GCCTACGC^, 



were Idnascd and prepared for ligation by the f<rilowing 
procednrc. Four pi of linlcm (-2 pg) were dissolved in 20.15 
pl of HjOandfplof lOxktnasc buffer (500 mM Tiis-Ha, 
pH=7.6 and 100 mM MgOa), incubated at 90" C for two 
minutes, and then cooled to room temperature. Hve pl of 
r-^P-ATP (-20 pO), is pl of IM 0IX and 5 pl of 
poiynudeotide Idnase (-10 units) were added to the mixture, 
which was then incubated at 37** C for 30 mimrtf^ Then, 
335 pl of 0U)IM ATPand 5 pl of kinase were added, and the 
reaction was continued for another 30 minutes at 37** C The 
radioactive ATP aids in detetmining ^(iiether the Hnkezs have 
ligated to the taig^BNA. 

About 10 pl of me kinased BamHI linkers were added to 
t^ solution of -AA kb TthllU restriction fiagment, and 
after the addition of 2 pl of T4 DNAligase (-lOOOnnits) and 
1 pi of T4 RNA Hgasc (-2 units), the ligation reaction was 
mcabatcd overnight at 4** C The ligated DNA was precipi- 
tated with cthanol and resuspcndcd in 5 pl of lOx Hindni 
buffer and 40 pl of H^O. About 5 pl (-50 units) of restriction 
enzyme Hindm were added to the solution of DNA, and fte 
resulting reaction was incubated at 37** C for 2 hours. 

The Hiadm-digcstcd DNA was precqutatcd with cthanoi 
and resuspcndcd in 10 pl of lOx BamHI buffer and 90 pl of 
H5O. About 10 pl (-100 units) of restriction enzyme BamHI 
were added to the solution of DNA, and the resulting 
reaction was Incubated at 37** C f cr 2 hours. After the 
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BamHI digestion, the reactioQ xnxxmre was loaded onto an 
agarose gel, and the -2.0 kfo BamHI-Hindlll xestdction 
firagment was isolated ftom the gcL About 4 pg of the desired 
fragment were obtained and suspended in aboat 5 pi of TE 
buffcn 

To constrnct plasnid pTPA103« the *Z0 kb BaxnHI- 
Hindni restriction fragment derived from plasmid ^T?A1G2 
was inseited into BamHI-HisdZI-lHligested plasmid 
Plasmid pRC was constructed by inserting an -288 bp 
EcoRI-Oal restriction fragment that con^iiises the promoter 
and operator (trpFO) sequences of Ihe E. coU trp operon into 
EcoRI-Oal-digested plasmid pKC7. Plasmid pKC7 can be 
obtained from the American I^P^ Culture CdUcctron ih £. 
eoU K12 N10(ypKC7 under the accession number ATCC 
37084. The -288 bp EcoSI-CIal restriction fragment that 
con^nises die trpPO can be isolated from plasmid p'IPA102, 
whidi can be isolated from E, caU K12 MM294/EaTA102 
(NRRL B-15834). Plasmid pKC7 and plasmid pTPAl02 
DNA can be obtained from the aforanenrioned cdl lines in 
substantial accordance with the procedure of Example 3. 
This -0^0 Ids EcQRI-Oal restriction fragment of plasmid 
pTPAlQ2 conqnises the transcription activating sequence 
and most of the translation activating sequence of the £1 coU 
i^J trp gene and has the sequence depicted below: 

M 

h=8 to 20 30 40 50 

;!?! y-AATTCACGCT GTGCrrGTTAT OCTTCGGTCiGr CGCTAGGCTTG CCGACGCGCA 

ry 111)11 llllllllll UIIIIIIII. iiiiiniii iiiiiiim 

S'-CrTGCGA CACCACAATA CCACSCCACCA GCCjATCCCAC GGCTCCGCCjT 

60 70 80 90 100 

r- TCTCOACTGC ACGGTGCACC AATGCTTCTO GCGTCAGGCA GCCAATCGGA 

(FV^ llllllllll llllllllll llllllllll llllllllll llllllllll 

AGAGCTGACG TGCCACGTGO TTACOAAGAC CGCAGTCCGT CGGITAGCCT 



m 



110 120 130 140 150 

AGCTGTGGTA TGGCTGTGCA GGTCOrATAA TCACCGCAXA ATTCGACTCG 
llllllllll llllllllll llllllllll llllllllll llllllllfl 
TCOACACCAT ACCGACACGT CCACCATATT AGTGGCGTAT TAAGCTCAGC 

160 170 180 190 200 

CTCAACGCGC ACTCCCGTTC CGGATAATOT TTTTTGCTCC GACATCATAA 

llllllllll itiiiuiii 1111111111 iiiiititii Milium 

OAGTTCCGCG TGAGGGCAAO GCCTATTACA AAAAACGACG CTGTAGTAXT 

210 2X 230 240 250 

CGGTTCCGGC AAATATTCTO AAATOAGCTa TTGACAATTA ATCATCGAAC 
llllllllll llllllllll ttlllllMl llllllllll 11 Ml MM j. 
GCCAAGGCCO TTTATAAGAC TTTACTCGAC AACTGTTAAT TACTAGCTTG 

260 270 280 287 

TAGTTAACTA GTACtSCAAGT TCTCGTAAAA AGGGTAT-y . . 

llllllllll IlllltliU Uinillll lllllll 
ATCAATTOAT CATGCGTTCA AOAGCATTTT TCCCATAGC^ 



Thus, to construct plasmid pRC, about 2 pg of plasmid 
pKC7 in 10 of TE buffer were added to 2 pi of lOx Qal 
buffer (OJM NaCl; 60 mM Tris-HO, pB=7,9, 60 mM 
MgOa; and 1 mgfeil BSA) and 6 jil of HjO, About 2 pi (-10 
uiuts.) of restriction etizyme were added to the solution 
of pia^ TT^M pKC7 DNA, and the resulting reaction was 
incubated at 37' C for 2 hours. The Clal-digcsted plasmid 
pKC7 DNA was precipitated with cthaaol and resuspcndcd 
in 2 pi of lOx EcoRI buffer and 16 pi of HjO. About 2 pi 
(-10 units) of restriction enzyme EcoRI were added to the 
solution of C3al-digestcd plaanid pKC7 DNA, and the 
resulting reaction was incubated at 31^ C for 2 houn. 

The EcoRI-Oal-digested plasmid pKCT? DNA was 
extracted once with phenol and then twice with chloroform. 
The DNA was then predpicatcd with cthanol and rcsus- 
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pendcd in 3 of lOx figase buflfer and 20 pi of HjO. A 
restoction site and ftznctxon map of plaandd pKC7 can be 

obtained from Maniads ct aL, Molecular Chnmg (Cold 
Spring Harbcr Laboratory, 1982), page 8. 

About 20 tig of plasmidpTPAlQ2.in about 20 \d of TB 
buffer woe added to 10 pi of lOx Qal buffer and 60 pi of 
HaO. About 10 pi (-50 units) of restriction cnryme Oal 
were added to the solution of pIasmidprrPAlQ2 DNA, and 
the resulting reaction was incubated at 37^ C for 2 hours. 
The Oal-digcsted plasmidpfTPAlQZ DNA was precqatatBd 
with ethanol and resuspended in 10 pi of IQx EcoRI buffo- 
and 80 pi of HjO. About 10 pi (-50 units) of restriction 
enzyme EcoRI were added to the solution of Qal-digestcd 
pUinid pfrPAlQ2 DNA, and the resulting reaction was 
incubated at 37* C for 2 hours. 

The EcQRI-Oal-digcstcd plasmid p'IPA102 DNA was 
extracted once with phend, loaded onto a 7% pofyacr^a- 
mide gel, and electrophoresed until the -288 bp EcoRI-Clal 
restiictioa fragment that comprises the ttpPO was sqjaiated 
from the other digestion products. The -288 bp EcoRI-Oal 
restrictton fragment was isolated from the gel; about 1 pg of 
the desxred fragment was obtainol, suspended in 5 pi of TE 
buffer, and added to the solution of EcQRI-QaX-digested 
plasmid pKC7 DNA prepared as described above. About 2 
pi (-1000 units) of T4 DNAligase were then added to the 
mixture of DNA, and the resulting ligation reaction was 
incubated at 16" C for 2 hours. The ligated DNA constituted 
the desired plasmid pRC t)NA. 

The ligated DNA was used to transfonn E, eoU K12 
HBlOl competent cells in substantial accordance with the 
procedure of Example 2. The transformed cells were plated 
on L agar containing 100 pg/ml ampidllin, and the 
axz^icilliu-resistant transfonnants were screened by restric- 
tion enzyme analysis of their plasmid DNA to identify the 
desired K coU K12 HBlO^pRC colonies. Flasmid pRC 
DNA was obtained from the K coU K12 HBIOI^RC 
tranifarmaots in substantial accordance with the procedure 
of Exanq>le 3. 

About2 pg of plasmid pRC DNAin 2 pi ofTEbufferwere 
added to 2 pi of lOx HindXH buffer and 16 pi of H3O. About 
2 pi (-10 units) of restriction enzyme HindlH were added to 
the sohirion of plasmid pRC DNA, and the resulting reaction 
was incubated at 37^ C for two hours. The SGuidni-digested 
plasmid pRC DNA was precollated with ethanol and resus- 
pended in 2 pi of lOx RamHI buffer and 16 pi of H2O. About 

2 pi (-10 units) of restriction enqme BamHI were added to 
the solution of IBCndHZ-digested plasmid pRC DNA, and the 
resulting reaction was incubated at 37** C for 2 hours. 

The BaroHI-Hindin-digested plasmid pRC DNA was 
extracted once with phenol and then twice with chlorofomL 
The DNA was precipitated with ethanol and resuspended in 

3 pi of lOx ligase buffer and 20 pi of H3O. The -4 pg (in -5 
pi of TE buffer) of -2.0 Id) HindHI-BamHI restriction 
fragment of plasmid {/rPA102 were then added to die 
solution of BamHI-Hindin-digested plasmid pRC DNA. 
About 2 pi (-1000 units) of T4 DNA ligase were added to 
the mixture of DNA, and die resulting reaction was incu- 
bated at 16** C. for 2 hours. The ligated DNA constimted the 
destxed plasmid pTPA103 DNA. 

To reduce undesired transformants, the ligated DNA was 
digested with restriction enzyme Ncol, which cuts plasmid 
pRC but not plasmfd pTBAlQ3. Thus, digestion of the 
ligated DNA with Ncol reduces undesfred transformants, 
because Hnearized DNA transforms £ coU at a lower 
frequency than dosed, drcular DNA. To digest the ligated 
DNA, the DNA was first precipitated with ethanol and then 
resuspended in 2 pi of lOx Ncol buffer (L5M NaO; 60 mM 
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Tds-Ed pH=7.8; 60 mM MgO^; and 1 mg^ml BSA) and 
16 jil of HjO. About 2 pi (-10 units) of restriction enzyme 
NcqI were added to the solotion of DNA, and the resulting 
reaction was incubated at 37*» C for 2 hours. 

The ligatcd and then Ncol-digcstcd DNA was used to 
transfotmi: coii Kll KV303 (NRRLB-15624). E. coU IQ2 
•KV308 ceila were made competent and transformed in 
substantial accordance with the procedure of Exan^lc 3. 
The transformation mixture was plated on L agar containing 
100 pg/inl a mpfcfll i n The anq)idllin-rc3istant transformants 
were tested for sensitivity to kanamyda, for though phsndd 
pRC confers kanamydn resistance, piaimid pTPA103 does 
not The ampinllfn-jesistant; kanamydn-sensitive transfor- 
mants were then used to prepare plaamid DNA, and the 
plaamid DNA was examined by restriction enzyme analysis 
to identify the E coU KX2 RV308/iOTA103 transfcmants. 
. A restxictioa site and function map of ptaCTmM pTPA103 is 
presented in FIG. 14 of the acconqianying drawings. Plas- 
mid pfIPAlQ3 DNA was isolated firom the £ coU ^^12 
RVBOS/plTAlQB cells in substantial accordance with the 
procedure of Example 3. 
B. Constraction of Ihtexmediate Flasmid pBW25 

About 1 Jig of plasmid pTTAlQ3 DNAin 1 jd of TC buffer 
was added to 2. jd of lOx BgOI buffer and 16 jd of H^O. 
About 1 |d (-5 units) of restriction enzymue BglH was added 
to the solution of plasmid pTPA103 DNA, and the resulting 
reaction was incubated at 37« C f or 2 hours. The BgDI. 
digested plasmid pTPA103 DNA was precqatated with 
etfaasol and resuspended in 5 of lOx Klenow buffer and 
44 pi of HjO. About 1 jil of Kleaow enzyme (1 unit) was 
added to the solution of Bgin-digestcd plasmid pTPA103 
DNA, and the resulting reaction was incubated at 16' C for 
2 hours. The KHenow-treated, BglH-digested plasmid 
pTPA103 DNA was precipitated with ethanol and resus- 
pended in 3 Ml of lOx ligase buffer and 22 pi of H^O. 

About 2 111 (0.2 pg) of unkinascd Ndd linkers (New 
England Bioiabs) of sequence; 

i*-CCATATG0s3' 

llilllll 

3'-GCjrATACC^ 



were added to the solution of Klenow-treated, BglH- 
digested plasmid pTTPAlflS DNA, togctiicr with 2 pi (- 1000 
units) of T4 DNA ligase and 1 pi (-2 units) of T4 RNA 
Ugase, and the resulting ligation reaction was incubated at 4^ 
C. overnight The ligatcd DNA constituted plasmid 
pTPA103dcrNdeL wtndi is substantiaUy similar to plasmid 
pTPA103» except plasmid pTPA103dcrNdcI has an Ndcl 
recognition sequence where plasmid pTTAlQ3 has a BglH 
xecognition sequence. 

The Kgated DNA was used to transf<xm E coU K12 
RV308 competent cells in substaxttial accordance with the 
procedure desoibed in Exan^le 2. The transformed 
were plated on L-ogar ooataining anipicQiin, and the E, coU 
K12 Ry308^TPAlQ3derNdeI transformants were identified 
by restriction enzyme analysis of their plasmid DNA. Plas- 
mid pTPA103daNdeI DNA was isolated from the transfw- 
mants for use in subsequent constructions in substantial 
accordance with the procedure of Exarr^le 3. 

About 10 pg of plasmid pTPAlOSdcrNdcI DNA in 10 pi 
of T:E buffer were added to 2 pi of lOx Avail buffer (0.6M 
NaQ; 60 mM THs-Ha pH=8.0; O.IM MgOj; 60 mM 
2-inercaptoethanol; and 1 mgAnl BSA) and 6 pi of H^O. 
About 2 pi (-10 units) of restricdon enzyme AvaH were 
added to die DNA^ and the resulting reaction was incubated 
at 37* C for 2 hours. The AvaB-digested DNA was loaded 
onto an agarose gel and electrophoresed until the -1.4 kb 
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restriction fragment was sqwratcd from the odicr digestion 
products. The -L4 kb Avail restriction fragment of plasmid 
jOPAlOadciNdcI was isolated from" the gel; about 2 pg of 
the destzed fragnwnt woe obtained and suspended in 5 of 
TE buffer. 

About 5 ja of lOx Klenow bnffcr, 35 jil of Kfi, and 5 jd 
(-5 units) of Klenow enzyme were added to the solution of 
-1,4 kb Avail xcstnction fragment, and the resoltiag readion 
W3S incubated a 16' C. for thirty minutes. The Klcndw- 
trcated DNA was prccqrttatcd with cthanol and rcsnspendcd 
in 3 of lOx ligase buffer and 14 ^d of H^O. 

About 2 )ig of ^al linkers of sequence: 

y-COTTAACO-T 

lUllllI 

y-GCAATTGC^ 

wac kinased in substantial accordance with the procedure of 
E3ianq>lc lOA. About 10 jd of the kinascd linkers were added 
to the solution of Klenow-treatcd, -1.4 kb Avail restriction 
fragment of plasmid pTEA103dciNdcI together with 2 jd 
(-1000 units) of T4 DNA ligase and 1 pi (-1 unit) of T4 
RNA ligase, and the resulting reaction was incubated at 16' 
G overnight. 

The ligatcd DNA was extracted once with phenol, 
extracted twice with chloroform, precipitated with ethanol, 
andresuspendcdin 2 pi of lOx EcoRI buffer and 16 pi of 
HiO. About 2 jd (-10 units) of restdction enzyme EcoRI 
were n d^'*^ to ttie solution of DNA, and the resulting 
reaction was incubated at 3T* C f or 2 hours. The EcoRI- 
digested DNA was extracted once with phenoU extracted 
twice with chloroform, precipitated with cdianol, and resus- 
pcnded in 3 pi of lOx ligase buffer and 20 pi of HjO. The 
fragment, which is about 770 bp in size and encodes the 
tipPo and the amino-terminus of TPA, thus prepared had one 
EcoRI-coii^)atible end and one blunt end and was ligated 
into EcoRI-Smal-digcsted plasmid pUC19 to f cam plasmid 
pUClOTPAFE. ^ „ . . 

About 2 pi of plasmid pUC19 (avaiUblc from Bethesda 
Research Laboratories) were dissolved in 2 pi of lOx Smal 
buffer (OJM KQ; 60 mM Tris-HO, pH=8.0; 60 mM 
MgCl^; 60 mM 2-mera5)toedunol; and 1 mgtal BSA) and 
16 pi of HjO. About 2 jd (-10 units) of restriction enzyme 
Smal were added to the solution of DNA, and the resulting 
reaction was incubated at 25* C for 2 hours. The Smal- 
digested plasmid pUC19 DNA was precipitated with, 
ethanol, collected by cenfirifiigation, and resuspendcd in 2 pi 
of lOx EcoRI buffer and 16 pi of HjO. About 2 pi (-10 units) 
of restriction enzyme EcoRI were added to the sohition of 
Smal-digcsted plasmid pUC19 DNA, and the resulting 
reaction was incubated at 37'' C for 2 hours. The EcoRI- 
Smal-digestcd plasmid pUC19 DNA was extracted once 
with phenol, extracted twice with chlOToform, and resus- 
pendcd in 5 pi of TE buffer 

The EcoRI-Smal-digested plasmid pUC19 DNA was 
added to tiie solution containing the -770 bp EooRI-bhxnt 
ead restriction fragment derived from plasmid 
pTPAlOSdcd^deL About 2 pi (-1000 units) of T4 DNA 
ligase were added to the mixnire of DNA, and the resulting 
naction was incubated at 16'»C overnight The Ugaied DNA 
constituted the desired plasmid pUCl^TPAFE. Arestriction 
site andftmctionmap of plasrmdpUC19TPAFE is presented 
in FIG. 14 of the accompanying drawings. 

The multiplo-doning site of plasmid pUC19, whidi conk- 
prises die EcoRI and Smal recognition sequences utilized in 
Ae construction of pLwmid pUClSTPAFE, is located within 
the coding sequence for die lacZ a fragment. E^qrasion of 
the lacZ a fragment in cells that contain the lacZ AMli 
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nmtatioiiy a mutadoii in the lacZ gene that encodes 
^alactdndase, allows those cells to,express a fhuctiooal 
P-galactosidase molecule and chus allows those cells to 
hydroiyze X-Gal (5-bromo-4-chloro-3-indolyl-P-D- 
galactcpyranoside), a colodess conqxnnd, to its indigo- 
colored hydrolysis product Insertion of DNA into the 
nxuit^le-doning site of plasmid pUC19 intermpts the cod- 
ing sequence for the lacZ a fragment, and cells with the lacZ ' 
AMIS mutation that host such a plasisid are unable to 
hydroiyze X-Gal (this same princ^ is otniyjvi when dos- 
ing into plasmid pUCS; see Exanq>ie 2). The Hgated DNA 
that cosstitnted plasmid pUC19TPAFE was used to trans- 
fonn E^coUKn IUUAM15 (NKRL B-12440) cells made 
cos^etent for tcansfonnation in substantial accordance with 
the procedure of Example X 

lite Iransfocned cells were plated on L agar containing 
100 Mg^ml ampfrinin; 40 pgM X-Gal; and 1 mM IFTG. 
Colonies that failed to exhibit the indigo color were subcui- 
tnrcd and used to prepare plasmid DNA; the £. coH K12 
RR1AM15^UC19TPAFE transfonnants were identified by 
restriction enzyme analysis of their plasmid DNA Plasmid 
pUClSTPAFE DNA was isolated from the £ coS K12 
RRlAM15^UC19rEAEE cdb for use In subsequent con- 
structions in substantial accordance with the procedure of 
Example 3. 

About 7 pg <rf plasmid pUCl^TPAFE in 20 ;d of TE 
buffer were added to 10 pi of lOx Hpal buffer (0.2M KO; 
0.1M TMs-HOt pB?»7.4; and O.lM MgOJ and 70 jU of 
HjO. About 3 pi (-^ units) of restriction enzyme HpaX were 
added to the sdntioa of plasmid pUC19TPAFE DNA, and 
the resulting reaction was incubated at 37** C for 20 min- 
utes; the short reaction period was designed to yield a partial 
Hpal digest The reaction was adjusted to 150 pi of Ix 
BamHT buffer (150 mM Nad; 10 mM Tkis-HO, pH=8.0; 
and 10 mM MgOj; raising the salt ooncentiadoa inactivates 
Hpal). About 1 pi (-16 units) of restriction enzyme BamHI 
were added to the solution of partiaUy-Hpal-dige^d DNA, 
and the resulting reaction was incubated at 37*> C for 90 
minutes. 

The BamHI-partially-Hpal-digested plasmid 
pUC19TPAFE DNA was concentrated by ethanol 
precq)itation, loaded onto a 1^% agarose gel, and the -3.42 
kb Hpal-BamHI restiicdon fragment that comprises the 
replicon, ^lactaznase gene, and all of the TPA-encodtng 
DNA of plasmid pUCATPAFE was isolated from the gd by 
cutting out the segment of the gel that contained the desired 
fragment, freezing the segment^ and then squeezing the 
liquid from the segment The DNA was prec^ntated from the 
liquid by an ethand precq}itation. About 1 pg of the desired 
fragment was obtained and suspended in 20 pi of TB buffer. 

About 10 pg of plasmid pT^03 in 10 pi of TE buffer 
were dissolved in 10 pi of lOx Scalbuffer (1.0M Nad; 60 
mM TMs-HO, pH=7.4; and 60 mM MgCy 10 mM DTT; 
andlmg^BSA)and80plofH3O.About3pl(-18unit5) _ 
of restriction enzyme Seal were added to the solution of 
plasmid jHTAlOS DNA ud the resulting reaction was 
incubated at 37^ C for 90 minutes. The reaction volume was 
adjusted to 150 pi of Ix BamHI buffer, and about 1 pi (-16 
units) of restriction enzyme BamHI was added to the 
mixture, which was then incubated at 37^ C for 90 minutes. 
The DNA was precq)itated with ethanol, collected by 
ccntn'fagation, and resuspended in preparation for electro- 
phoresis. The Scal-BamHI-digested plasmid pTPAlQ3 DNA 
was loaded onto a 1.5% agarose gd and eiectrophcresed 
until the *1.015 kb ScaZ-BamHI restriction fragment was 
separated from the other digestion products. The *1.015 
Scal-BamHI lestdction fragment that cotqitiscs the TPA 
carboxy-texminns-encoding DNA of pta^'rt pTEM03 was 
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isolated from the gel; about (X5 |ig of the derired fragment 
were obtained and dissolved In 20 of gjass-distilled Efi. 

About 2 pi of ttie -3.42 Id) BamHI-Hpal restxiction 
fragment of plasmidpUCldTPAFE were added to 2 pi of die 
-1.012 kb Scal-BamHI lestrict'on fragment of plasmid 
lOTAiaS together with 2 pi of lOxli^ buffer and 1 pi (-1 
Weiss unit; the Kgase was obtained from Pramega Biotec, 
2800 S. Fish Hatdiety Road, Nfadison, Wis. 537U) of T4 
DNAligase, and the resulting leaction was incubated at 16** 
C overnight The Hgated .DNA constituted the desired 
plasmid pBW25. A restriction site and frmctioQ m^ of 
plasmid pBW25 is presented in FKj. 14 of the accon^aoy- 
ing drawings. 

The Ugated DKA was used to transf oim £ coii K12 
JM105 (available from BRL) that woe made compe tent for 
transformation in substantial accordance widi the procedure 
of Exanqile 2, except that SO mM CaG^ was used in the 
procedures The transformed cells were plated on fiHI (Difco 
Laboratories, Detroit, Mich.) containing 100 pg/ml 
ampi'<*ii]tTi and the £. coU K12 JM105^W2S transfor- 
mtants were identified by restriction enzyme analysis of their 
plasmid DNA. IHgestion of plasmid pBW25 with restxiction 
enzyme EcoRI yields -3J8 kb and -1.08 Id) restriction 
fragments. Flasmid pBW25 is prepared for use in subse- 
quent constructiotts in substantial accordance with the pro- 
cedure of Escazxqile 3. 

C Slte-spedfrc Mutagenesis of the TTA Coding Region and 
Construction of Flasmid pBW28 

About 5 pg of plasmid pBW22 in 10 pi of glass-distilled 
HjO were added to about 10 pi of lOx HindTTT reaction 
buffer and 80 pi of H^O. About 1 pi (-20 units) of restriction 
enzyme HiTtrfm was added to the solution of plasmid 
piBW25 DNA, and the resulting reaction was Incubated at 
57^ C for 90 minutes. AboutJ pi (-24 units) of restxiction 
enzyme EcoRI and 10 pi of IM 'Jtis.HQ, pH=37.6, were 
added to the solution of HindnZniigested plasmid pBW25 
DNAt and the resulting reaction was incubated at 37° C for 
90 minutes. The EcoRI-Hindlll-digested plasmid pBW25 
DNA was concentrated by ethanol precipitation, loaded onto 
a agarose gel, and electrophoresed until die -810 bp 
EcoRI-HindZn restriction fragment was separated from the 
other digestion products. About 0^ pg of the -810 bp 
EcoqRI-Hindlll restriction fragment was isolated from the 
gel, prq>axed for ligation, and resuspcnded in 20 pi of 
glass-distilled HjO. 

About 4.5 pg of the rqiiicative foan (RF) of M13mp8 
DNA (available from New England Biolabs) in 35 pi of 
gllass-distilled H^O were added to 10 pi of lOx Hindm 
buffer and 55 pi of HjO. About 1 pi (-20 units) of resttiction 
enzyme HindTTT was added to die solution of MlBinpS DNA, 
and the resulting reaction was incubated at 37** C for 1 houc 
About 3 pi (-24 units) of restriction enzyme EcoRI and 
about 10 pi of IM TUsJSQ, pH=7.6, were add ed to the 
solution of Hndm-digcsted M13n98 DNA, and the result- 
ing reaction was inmhaffd at 37° C for 1 houc Tlie 
Hindni-£cQRI«digested M13mp8 DNA was collected by 
ethanol precipitadon, resuspcnded in prepaxatioa for agarose 
gel electrophoresis, and the Urge restxiction fragment iso- 
lated by gel electrophcresis. About 1 pg of the large EcoRI- 
HindQI restxiction fragment of M13nq;)8 was obtained and 
suspended in 20 pi of glass-distiZled H^O. About 2 pi of the 
large EcoRI-B3indIII restriction fragment of M13mp8, 2 pi of 
lOx ligasc buffer, 12 pi of HjO and -1 pi (-1 Weiss unit) of 
T4 DNA ligase were added to 3 pi of die -810 bp EcoRI- 
TTin/mr restriction fragment of pUsmid pBW25, and die 
resulting ligation reaction was incubated at 16* C overnight 

E, eoli JM1Q3 ceQs, available from BRL, were made 
competent and transfected with the ligation mix in substan- 
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dal acoQidance with tbe procedme descdbed in the BRL 
M13 Qoning^'DideoKy* Seqcendng Ihstructioa Manual, 
except that the amount of DMA used per tranrfectioa was 
vaxiaL Recombinant plaques were .identified by insettional 
inacdvation of the ^galactosidase a-ficagment-^coding 
gene, which zesults in the loss of the ability to cleave X-gal 
to its indigo-colored cleavage product For screening 
poxposes, six white plaques were picked into 2J ml of L 
hrotht to which was added <l4mic£ E ecU K12 JM1Q3, 
cultured in Trnm'mjii n i*y tf q stodc to insure retention of the-F 
episome that cacdes proAB, in logarithmic growth ^b^e. 
The piaque-contaimng solutions were incubated in an air- 
shaloer at 37** C for 8 houn. Cells &om IJ ml aliqucts were 
pelleted and RF DNAisolated in substantial accordance with 
the alkaline miniscreen pr o ce dure of Bimboim and Doly, 
1979, Nuc Adds Res. 7:1513. The remainder of each 
oiltnre was stored at 4* C for stock. The desired phage, 
designated pM8BW26, contained the -810 bp EcoRI- 
TTinrfTTT restriction fragment of plasmid pBW25 ligated to 
the -7.2 Hi EcoRI-Hindni restriction fragment of M13mp8. 

About fifty ml of log phase K coU JM103 were infected 
with pM8BW26 and incutaated in an air-shaker at 37° C for 
18 hours. The infected ccUs were pelleted by low speed 
centriAigation, and single-stranded piMSBW26 DNA was 
prqpared from the culture supernatant by scaling up the 
procedure given in the Instxu^on Single-stranded 
pM8BW26 was mntagenized in substantial accordance with 
the teaching of Adehnan et at, 1983, DNA 2(3): 183-193, 
except that the Klcnow reaction was done at room tenq)era- 
ture for 30 minutes, then at 37" C for 60 minutes, then at 10" 
C for 18 hours. In addition, the S 1 treatment was done at 20" 
C, ttie salt concentration of the boffer was one-half that 
recommended by the manufacturer, and the M13 sequencing 
primer (BRL) was used. The synthetic oiigodeQxynbonucI&- 
otide pnmer used to delete the coding sequence for amino 
add residues 87 through 261 of native TPA was 

y-GGGAAOTCCICTGAAXMCCACaCCCa^ 

The resulting mutagenesis mix was used to transfect 
caZ? K12 JM103 in substantial accordance with the infection 
procedure described above. Desired mutants were identified 
by restriction enzyme analysis of RF DMA and by Maxam 
and Gilbert DNA sequencing. The desired mutant, which 
had the coding sequence for amino add residues 87 through 
261 of native TPA deleted, was designated pM8BW27. 
\ To construct plasinidpBW28, a variety of DNAfragmcnts 
are needed. The first of these fragments was obtained by 
adding -20 }ig of RF pM8BW27 DNA in 20 jil of glass- 
distilled H^O to 10 pi of lOx NdeX buffer and 60 MlK>f H2O; 
About 10 pi (-50 units) of restriction quTme NdcE were 
added to the mixture of plasmid pMSBW27 DNA, and the 
resulting reaction was incubated at 37" C for two hours. The 
NdeZ-digested plasmid pM8BW27 DNA was predpitated 
with ethanol, collected by centrifugation. and resuspended in 
lOplof 10xEcoRIbufrerand90plofH3O.About 10 pi 
(-50 units) of restriction enzyme EcoRI were added to the 
solution of Ndel-dlgested plasmid pM8BW27 DNA, and the 
resulting reaction was incubated at 37" C for 2 hours. The 
EcoRI-NdcI-digcsted plasmid pM8BW27 DNA was elcc- 
trophoresed on an agarose gel uritil the -560 bp NdcI-EcoRI 
restriction fragment, which contains the portion of TPA 
coding sequence that spans the site of deletion, was sepa- 
rated from the other digestion products. The -560 bp Ndd- 
EcoRIrestrictioa fragment was isolated from the gd; about 
0.5 pg of the desired fragment was obtained and suspended 
in 20 pi of glassndistiUcd HjO. 

The second fragment needed to construct plasmid pBW2S 
is synthesized one strand at a time on an automated DNA 
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syndxesizer. The tffo complezQcntaiy strands, which will 
hyfaiidize to f oon a double-stranded DNA segment with 
Xbal and Ndd ovcdsgs^ are klnaseii and annealed in sut>- 
ttaqt^ai accordance with the procedore of Exan^e (5A. The 
li'nlfgr has the following structme: 

TgggATAATTATrACATAOCTAAArrrAITCCrCCTTArr orAT 



The third fragment needed to construct plasndd pBW28 
was prepared by adding -20 pg of plasndd i/TPAlOS in 20 
jd of TE buffer to 10 jd of lOx BamHI buffcnand 60 jil of 
HjO. About 10 |d (-50 units) of restriction enzyme BamHI 
were added to the solution of plasndd pTPA103 DMA, and 
the resulting icactioa was incubated at 37" C for 2 hours. 
The Bamm-digcstcd plasmid pTPAlQ3 DNA was prccq)i- 
tated with ethand. collected by centrifugation, and rcsus- 
pendcdin 10 jd of lOxEcoRI buffer and 80 jilof HjO. Ab<»it 
10 pi (-50 units) of restriction enzyme EcoRI were added to 
the solution of BamHMigested plasmid pTPAlQ3 DNA, 
and the resulting reaction was incubated at 37" C for 2 
hours. The BamHI-EcoRI-digcsted plasmid pTPAlQ3 DNA 
was loaded onto an agarose gel and electrophoresed until the 
-689 bp EcoRI-BaiiiHI lestiiction fra gment , which com- 
prises the coding sequence for the carbcocy-temnnus ofTPA, 
was separated from the other digestion products. About 0 J 
|ig of the -689 bp fr^f^mf^nt was isolated from the gd and 
then resuspendcd in 10 jd of glass-dSstiUcd HjO. 

The final fragment necessary to construct plasmid pBW28 
was isolated from plasmid pLllO, which is a plasmid 
disdosed and claimed in U.S. patent i^:pIication Set No. 
769^21, filed Aug. 26, 1985, attorney docket number 
X-6638. A restriction site and function map of plasmid 
pLllO is presented in HG. 14 of the accompanying 
drawings, and the construction <rf plasmid pLllO is dis- 
dosed in Exan^le lOd, the following sccdon of the present 
Exaixq)le. 

About 25 Jig of plasmid pLllO in 25 Jil of TE buffer were 
af lflH to 10 pi of lOx Xbal buffer (0^ NaCU 60 mM 
Tris-HCL pH=7.9; 60 mM MgOj; and 1 mg/ml BSA) and 
55 111 of HjO, About 10 jU (-50 units) of restriction enzyme 
Xbal were added to the sdution of plasmid pLllO DNA, and 
the resulting rtsaction was incubated at 37* C for 2 hours. 
The Xbal-digested plasmid pLllO DNA was precipitated 
widi cthaaoU collected by ccntrifugatioa. andresu^ded in 
10 Hi of lOx BamHI buffer and 89 jd of HaO. About 1 pi (-5 
units) of restriction enzyme BamHI was added to the sdu- 
lioa of Xbal-digestcd plasmid pUlO DNA, and the resulting 
reaction was incubated at 37» C for 30 minutes to obtain a 
partial BamHI digest The Xbal^partially-BamHI-digcsted 
plasmid-pLllO DNA was loaded onto an agarose gd and 
dcctrophorcsed until the -6,0 kb Xbal-BamHI fragifaent 
was dearly separated from die o&cr digestion products. The 
--6.0 kb restriction fragment was isolated from the gd; about 
a5 ug of the -6.0 kb Xbal-BamHI restriction fragment was 
obtained and suspended in about 40 Ml of glass^iistillcd 
H.O. This -6.0 kb Xbal-BamHI restriction fragment com- 
prises all of plasmid pLllO except the EK-BGH-cncoding 
DNA. . _ 

To construct plasmid pB W28, the following fragments arc 
mixed together about 0.1 ii« (-8 \d) of the -6.0 kb BamHI- 
Xbal restriction fragment of plasmid pLllO; about 0.05 Mg 
(-2 \ti) of the -560 bp Ndd-EcoRI restriction fragment of 
plasmid pM8BW27; about 0.1 Jig (-2 \tl) of the -689 bp 
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EcoRI-BaznHI restzictloa fragment of pUsmid pTPA103; 
and about 0.02 (-1) of the -45 bp Xbal-Ndel synthetic 
linfe-rr About 2 jjI of lOx Hgasc buffer and 1 111 (-1 Weiss 
unit) of T4 DKA ligase are added to the mixture of DNA« 
and the resulting ligation leacdon is incubated at 4** C. 

ovemi^ for 2 hours. The Hgated DNA constitnted the 
desired plasmid pBW28. Aiestriction site andfbnction map 
of plasmid pBWZS is presented in FIG. 24 of the acconar- 
paiQfing drawings. 

The ligated DNA was used to transform R coU K12 
M\f294 (NRRL B-15625) made competent in substantial 
accordance with the procedure of Example 2, accept that 50 
mM Cads was used in die procedure. Due to the presence 
of the lambda pL promoter and the gene encoding the 
temperature-sensitive lambda pt repressor on plasmid 
pBW28, the transfotmation procedure and cultunng of 
tcansfonnants were varied somewhat The cells were not 
exposed to temperatures greater than 32** C during tians- 
foanatiott and subsequent culturing. The fdlowing section 
of this Exampln relates more fiilly the procedures for han- 
dling plasmids that encode the laiabda pL promoter and its 
temperature-sensitive repressor. The desired £. eoU K12 
MM294/pBW28 transformants were identified by their 
tetracydine^sistant, ampictllin-sensitive phenotype and by 
rcstxiction enzyme analysis of their plasmid DKA. 
D. Construction of Hasmid pLl 10 

Hasmid pLllO was constructed using plasmid pKC283 as 
starting marmal. Lyophils of £ coU K12 BE1201/pKC283 
arc obtained from the NR2^ under the accession number 
NRRL B-15830. The lyophils are decanted into mbes con- 
taining 10 ml of L broth and incubated two hours at 32° C« 
at whidi time the cultures are made 50 ^^fjsX in ampidUin 
and then incubated at 32"* C overnight. The £. coU K12 
BH1201>^KC283 cells were cultured at 32^ C, because 
plasmid pKC283 comprises the pL promoter and because E, 
coli K12 BE1201 cells comprise a tenqierature-sensitive d 
repressor gene integrated into the ceQular DNA. When cells 
that comprise a wildrtype lambda pL repressor gene or when 
ceHs diat do not con^irise a lambda pL promoter are utilized 
in this plasmid isolation procedure, as described in subse- 
quent Examples herein^ the ten^erature of incubation is 37** 
C 

A small portion of the overnight culture is placed on 
L-agar plates containing 50 figiU amplcillin in a manner $o 
as to obtain a single colony isolate of E. coU K12 BE1201/ 
pKC283. The single colony obtained was inoculated into 10 
ml of L broth containing 50 p^ml ampicillin and incubated 
overnight at 32^ C with vigorous shaking. The 10 ml 
overnight culture was inoculated into 500 ml of L broth and 
incubated at 32** C with vigorous shaking until die culture 
reached stationary phase. Plasmid pKC283 DNA was then 
prepared &om the cdls in substantial accordance with the 
procedure of Example 3. About 1 mg of plasmid pKC283 
was obtained and stored at 4** C in TE buffer at a concoi- 
tratiott of about 1 pg/ul. A restriction site and function map 
of pl« mi<^ pKC283 is presented in FIG. 14 of the accom- 
panying drsWings. 

About 10 pi (-10 fig) of the plasmid pKC283 DNA wae 
mixed with 20 pi lOx medium-salt restriction buffer (500 
mM NaQ; 100 mM Tris-HCl pH=7 J; 100 mM MgOj; and 
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10 inM 017), 20 pi 1 mg/^ BSA, 5 ^ restiicti^ 
PvQiI (*25 units), and 142 pi of watei; and die resoldng 
reacdon was incubated at 37^ C for 2 hours. Restricdoa 
enzyme reacdons dcsoibed herein were rootineiy tenni- 
nated by phenol then cfaldofcnii extractions^ which 
were foilowed by piecipitadon of the DNA, an etfaand 
wash, and resospension of the DNA in TE faii£fexi After 
^i^TinHng the Pvun dlgcsdon as 30 described above, the 
PvuH-digested plasmid p£C283 DNA waa precipitated and 
then resaspended in 5 pi of IB bofEen 

About 600 picomoles (pM) of Xhol linlcers (5*- 
CCrCGAGG-B*) were kinased in a mixture costaising 10 pi 
of 2x Kinase Buffer (300 niM Tds-HO, pB^7.8; 50 xnM 
MgCla; and 25 mM DTD, 5 pi of 5 mM ATP, 24 pi of HjO, 
0.5 pi of T4pQlynncieotide kinase (about 2^ units as defined 
by P-L Biocfaendcals), 5 pi of 1 mgAnl BSA, and 5 pi of 10 
mM spezmidine by incubating the nuxtore at 3T CL for 30 
TTim nfM About 1Z5 pi of the Idnased Xhol linkers were 
nA4 r ^ to the 5 pi cf PvuII-digested plasmid pKC2S3 DNA, 
and then, 24 pi of lOx Hgase buffer; 2^ pi (about 2i units 
as defined by P4.Biochemicals) of T4 DNAligase, 24 pi of 
10 mM spermidine, and 12^ pi of water were added to die 
DNA. The resulting ligation reaction was incubated at 4^ C 
overnight After die ligation reaction, the reaction mixture 
was adjusted to have the ooii9>osition of hig)[i-salt buffer 
(0.1MNaa;a05MTiis-Ha,pH74; 10.0 mMMgOj; and 
1 mM DTT). About 10 pi (100 units) of restriction enzyme 
Xhol were ^hh^ to the mboure, and the resulting reaction 
was incubated at 3T C for 2 hours. 

The reaction was terminated, and the Xhol-digested DNA 
was prec^itatcd, resuspended, and ligated as described 
above, except diat no Xhol linkos were adde d to the ligation 
mixmre. The ligated DNA constituted the desired plasmid 
pKC2fi3EX. A restriction site and function map of plasmid 
pKC283PX is presented in HG. 14 of the acconq)anying 
drawii^s. 

E. coU K12 MO(X'*), available from the NSRL under die 
accession number NRML B-15993, conqaisca the wild-type 
lambda pL d repressor gene, so that transcription from the 
lambda pL promoter does not occur in £ coU K12 MO(^'0 
r^\}K Single colonies of K call K12 MOCl:^ are isolated, 
and a 10 ml ovcmi^t ailture of the cells Is prepared; no 
axr^idllin is used in die growdi media. Bfiy pi of die 
ovend^t culture were used to inoculate 5 ml of L broth, 
which also contained 10 mM MgS04 and 10 mM Mgdo. 
The culture was incubated at 37* C ovem^ with vigorous 
shaking. The following morning, the culture was dilmed to 
200 ml with Lbrodi containing 10 mM MgS04 and 10 mM 
MgOj. The diluted cultare was incubated at 3T* C witfi 
vigorous *h«iriwg antH the was about 0.5, which 

indicated a cell density of about b<10' crlls/ml. The culture 
was cooled for ten ™TmfM in an ice-water bath, and the cdls 
were tfien collected by centrifiigation at 4000xg for 10 
minutes at 4* C The cdlpcflct was resuspended in 100 ml 
of cold 10 mM NaQ and dien immcdiatdiy re-pcUeted by 
ccntrifugation. The cell pellet was resuspended in 100 ml of 
30 mM Cada and incubated on Ice for 20 minutes. 

Tlie woe again collected by centcifugation and 
lesuspendcdin 10 ml of 30mM Cady A one-half ml aliquot 
of die ^^n* was to the ligated DNA prepared above; 
die DNA had been made 30 mM in Cadi. Tht ceU-DNA 
mixture was incubated on ice for one hour, heat-shocked at 
42"* C fbr 90 seconds, and then chilled on ice for about two 
minutes. The cdl-DNAmixmre was dHutcdinto 10 mi of LB 
media in 125 ml flasks and incubated at 3T* C for one hour: 
One hundred pi aliquots were plated on LrSgar plates 
containing 

arn rin'ii?n and incubated at 37* C until colonies 

appcanit 
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The colonies were hdxyidnaJfy cultored, and tiie piagr^ ^H 
DNA of the individnal coiomes was ccazxdned by restziction 
eazyme anaiysu and gel dectzophoresis. Plajmrid DNA 
isolation was petfbzmcd on a smaller scale in accordance 
with the procedure of Ecasc^le 3. but the CsCl gradient step 
was omitted ontil the desired £. coll K12 MO(A.^/ 
pKC283FX transformants wcte identified. A restziction site 
and function map of piasmid pKC283FX is presented in 
FIG. 14 of die wrmmpanying drawings. 

Ten [ig of piasmid pKCZS^PX DKA were dissolved in 20 
pi of lOx high-salt boffer, 20 (d 1 mgW BSA, 5 pi (-50 
units) of resQdction enzyme B^XI, 5 pi (-50 units) of 
restcktion enzyme Xhol, and 150 pi of water; and the 
resulting reaction was incubated atyj^ C for two hours. The 
reaction was stopped; the B^Q-XhoI digested DNA was 
precqtitated, and the DNA was lesospended in 5 pi of TE 
buffet 

A DNA linker widi single-stranded DNA ends diaracter- 
istic of BglH and Xhol restriction enzyme cleavage was 
synthesized using an automated DNA synthesizer and 
Idnased as described in Exan^ie 6A The DNA linker had 
the following structure: 

y-OAICrATTAACTCAATCTAGAW 
lllllllllltlllllll 
T-ATAAXTOAiGrTAaArCTaAGCr-^ 

The linker and Bgm-TQioI-digested piasmid pKC2S3FX 
were ligated in substantial accordance with the ligadopro- 
procedore desaibed above. The ligated DNA constituted die 
desired piasmid pKC2S3-L. A restziction site and function 
map of piasmid pKC283-L is presented in FIG. 14 of the 
accompanying drawings. The piasmid pKC283-L DNA was 
used to transform E, coU K12 MO(X'0t and the resulting K 
coll K12 MO(X'04KC283-L transfozznants were identified 
by their anqiicxilin-resistant phenotype and by restriction 
enzyme analysis of their piasmid DNA. 

About 10 pg of piasmid pKC283-L DNA were dissolved 
in 20 pi 1 lOx high-salt buffer, 20 pi 1 rog^ BSA, 5 pi (-50 
units) restziction enzyme XhoX, and 155 pi of HjO, and the 
resulting reaction was incubated at 37** C. for two hours. The 
Xhol-digestcd piasmid pKC2S3-L DNA was dien precipi- 
tated and resuspended in 2 pi lOx nick-translation buffer 
(0^ Tiis-HO, pH=7Jt; 0.1M MgSO^; and 1 mM DTD, 1 
111 of a solndon 2 mM in each of die deoxynudeoddc 
triphosphates, 15 pi of HjO, 1 pi (-6 units as defined by P-L 
Biodiemicals) of Slenow, and 1 pi of 1 mg^ BSA- The 
resulting reaction was incobated at 25** C for 30 minutes; 
the reaction was stopped by incabating dxe solution at 70" C 
for five minutes. 

BamHI linkers (^-CGCGATCXICG-S*) were kinased and 
ligated to the Xhol-digested, Klenow-treated piasmid 
pKC283-L DNA in substantial accordance with die linker 
ligation procedures descnbed above. After the ligadon 
reaction* die DNA was digested with about 100 units of 
BamHI fox about 2 hours at 37** C in high-salt buffen After 
the BamHI digestion, die DNA was prepared for ligation, 
and the -5.9 kb BamHI restriction £ragment was cxrcolazized 
by ligation and tzansforzned into E. eoU K12 MO(X^ in 
substantial accordance with die procedures described above. 
The £ coU KH MO(X*5^KC283-LB ttansfonnants were 
identified, and then, piasmid pKC283-LB DNA was pre- 
pared from the transformants in substantial a cc o r dance with 
the procedure of Example 3. A restncdoa site and function 
msg of piasmid pKC283-LB is presented in FIG. 14 of the 
accompanying drawings. 

About 10 pg of pUsmid pKC2S3FX were digested with 
restriction enzyme Sail in high-salt buffer, treated with 
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Klenow, and ligated to EcoRI linkers C^'- 
GAGGAArrCCrC-3') in substantial acxardance with the 
procednres described above. After digestion with restriction 
enzyme EcoRI, which results in the excision of -21 kb of 
DNA, ttte -4.0 kb EcoRI restriction fragment was dicular- 
ized by ligation to yield plasmid pKpSSFRS. The ligated 
DNA was used to transfonn £ eoU K12 MO(X*), and aflff 
the £. coK K12 MO(VypKC283FRS transfonnants were 
frf^n^if**^, plasmid pKC2S3PRS DNA was pr ep ar ed firom 
tfie transfocmants in substantial a cco rdance with the proce- 
dure of Example 3. A restriction site and function map of 
plasmid pKC2S3FRS is presented in FIG. 14 of the accont- 
panying drawings. 

About 10 Mg of plasmid pKC283H(S were digested in 
200 pi of hi^-salt buffer with about 50 units each of 
restrictLon enzymes PstI and Spbl. After incubating the 
reaction at 37** C for about 2 hours* the reaction mixmre was 
electrophoresed oa a 0.6% low-geQing-tes^eiamre agarose 
(FMC Corporation, Marine Colloids Division^ Roddand, 
Mc. 04841) gel for 2-3 hours at -130 V and -75 mA in 
"nis-Acetate buffer: 

The gel was stained in a dilute solution of ethidium- 
facomide, and tfie t>and of DKA constituting the -0.85 kb 
Fstl-Spl^ restriction fragment, which was visualized with 
long-wave UV light, was cut from the gd in a small 
segment The volume of the segment was determined by 
wei^ and density of the segment, and an equal volume of 
10 mMTris-HGL pH 7^, was added to the tube containing 
the segment. The segment was then melted by incubation at 
72* C About 1 ug of the -0.85 ib Pstl-SphI restriction 
fragment of plasmid pKC283FR5 was obtained in a volume 
of about 100 jiL In an analogous manner, plasmid pKC2S3'- 
LB was digested with restriction enzymes PstI and Sphl, and 
the resulting -3.0 Us restriction fragment was Isolated by 
agarose gel electrophoresis and prepared for ligation. 

The -0.85 kb Fstl^Sphl restriction fragment of plasmid 
pKC283FRS was ligated to the -3.0 kb Psa-Sphliestricrion 
fragment of pl«mid pKC283-LB. The ligated DNA consti- 
tuted the desired plasmid pL32. Arestricrion site and func- 
tion map of plasmid pL32 is presented in FIG. 14 of the 
accompanying drawings. Plasmid pL32 was transformed 
into E. coU K12 MO(AT cells; plasmid pL32 1)NA was 
prq)ared from the E, coU K12 MO(X.^pL32 transfomunts 
in substantial accordance with the ^ocedure of Example 3. 
Analysis of the plasmid pL32 DKA demonstrated that more 
than one EcoRI ^^^^ attached to the Klenow-treated, Sail 
ends of plasmid pKC283FX. The presence of more than one 
EcoRI linVw does not affect the utility of plasmid pL32 or 
derivatives of plasmid pL32 and can be detected by the 
presence of an Xhol restriction rite, wMch is generated 
whenever two of the EcoRI linkers are ligated together. 

Plasmid pCCXOl is disclosed in Example3 of U.S. patent 
application So; No. 586481, filed 6 Mar. 1984, attorney 
docket number X-5872A, incorporated herein by reference. 
A restriction site and function map of plasmid pCClOl is 
presented in FIG. 14 of the accompanying drawings. To 
isolate the£K-BOH-encoding DNA, about 10 |ig of plasmid 
pCClOl were digested in 200 pi of high-salt buffer contain- 
ing about 50 each of restriction enzymes Xbal and 
BamHL The digestion products were sqjarated by agarose 
gel electrophoresis, and the -0.6 ]d> Xbal-BamHI restriction 
fragment which encodes EK-BGH was isolated from the gel 
and prepared for ligation. 

Plasmid pL32 was also digested with restriction enzymes 
Xbal and BamHI, and the -3.9 kb restriction fr agm e n t was 
isolated and prepared for ligation. The -3.9 kb Xbal-BaHI 
restriction fragment of plasmid pL32 was ligated to the -0.6 
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kfo Xbal-BamHI restriction ftagment of plasmid pCClOl to 
yield piaamidpL*?. Arcstriction site and fimction map of 
plasmid pL47 is presented in HG. 14 of the accompanying 
drawings. Plasmid pL47 was transfonncd into E. coU K12 
MCKV), and the E. eoU K12 M0(X^pL*7 transfonnants 
were identified. Plasmid pU7 DNA was prepared from the 
transfccmants in substantial accordance with the procedures 

of Example 3. . . . » 

Plasmid pPR12 compdscs the temperature-sensitive pL 
tcprcssor gene dB57 and the plasmid pBR322 tetracydine 
resistance-conferring gene. Plasmid pPRU is disclosed and 
claimed in IT^ Pat No. 4,436,815, issued 13 Mat 1984. A 
restriction site and Ibucdon map of plasmid pHU2 is 
presented in FIG. 14 of the accompanying drawings. 

About 10 ug of plasmid pFR12 were digested with about 
50 units of restriction enzyme EcoRI in 200 \d of Mgh-saU 
buffer at 37" C for two hours. The EcoRI-digestcd plasmid 
pPR12 DNA was prccqatated and then treated with Klenow 
in substantial accordance with the procedure dcsaibcd 
above. After the Klenow reaction, the EcoRI-digcsted, 
i j I Klenow-trcated plasmid pPR12 DNA was redrcularized by 

i.H ligation, and the ligatcd DNA, which constituted the dc^ed 

'-^^ plasmid pPR12ARl, was used to transform B coU K12 

m RV308 (NRRL B-15624); transfcrmants were selected 

based on tetracycline (10 i^tal) resistance. After the £. coU 
K12RV308/pPR12ARl transfonnants were identified, plas- 
mid pPR12ARl DNA was prq»ared from the transfomiants 
itt substantial accordance with the procedure of Example 3. 

About 10 ug of plaOTidpER12ARl were digested with 
about 50 units of restriction enzyme Aval in 200 jil of 
mcdimn-salt buffer at 37« C for 2 hours. The Aval-digested 
plasmid pPR12ARl DNA was jiecipitatcd and then treated 
with Klenow. After the Klenow reaction, the Aval-digested, 
Klenow-trcaicd plasmid pPR12ARl DNA was ligatcd to 
!» EcoRl linkers (5^AGGAAITCCrC-30, preaptated, 

1^1 1 resuspended in about 200 jil of high-salt buffer containing 

;g about 50 units of restricdon enzyme EcoJU, and inc«^ 

fe'' at 37«C for about 2 hours. After the EcoRl digestion, the 

lis rcacdon mixture was loaded onto alow-melting agarosegel 

.1-: . and the -5.1 kb EcoRl restriction firagmcnt was punficd 

from the gel and -redrculaiized l^ef^^^,^^^!,;^^ 
desired plasmid pPR12ARl. The pUsmid pPR12ARl DNA 
was transformed into E. coU K12 RV308; selection of 
transfocmants was based on tetracycline resistance. Plasmid 
PPR12AR1 DNA was pn^rcd from the transformante in 
substantial accordance with the procedure of ^jample 3. A 
restricdon site and function map of plasnud pPR12ARL is 
presented in HG. 14 of the acconq>anying drawings. 

About 10 ^g of plasmid pPRUARl DNA were suq)cnded 
in about 200 ml of hi^-salt buffer containing about 50 umts 
each of restriction enzymes PstI and EcoRI, and thediges- 
tion reaction was incubated at 37» C for about 2 hours. The 
reaction mixmre was then loaded onto an agarose gel, and 
the -Z9 kb Pstl-EcoRl restriction fragment of plasmid 
PPR12AR1 was isolated and jff^ared for ligation. 

About 10 ug <rf plasmid pL47 were digested with reac- 
tion enzymes Pstf and BamHI in 200 ul of high-salt buffer 
at 37*» C for two hours. The Pstl-BamHI-digcstcd DNA was 
loScd oS^^ agarose geU and the -2.7 Id, Pstl-B^ 
restriction fragment that comprised die otigm of replication 

and a portion of the ampidllin rcsistance^nfcnxag gene 
was isol^ and iffcpared for ligation. In a separate reaction, 
about 10 ug of ptomid pl>4.7 DNA were digested with 
^S:t;^ eLymSS^Bamm^ 200^ of hi|.«J 
buffer at 37* C for two hours, and the -1.03 kb EcoRI- 
BamHI restriction fragment that comprised Ac lambda pL 
transaiptioa activating sequence, the £. coU Ipp translation 
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acdvating scqgimcg, and the EK-BGH-encoding DNA was 
isolated a&d pregaxod for ligation. " 

The -2.7 Pstl-BanHI and -LQ3 kb EcoRI-BaiaHI 
restzictLon r r J t^»* '^tg of paa<TTiM pL47 were ligatcd to the 
-2.9 Icb Psa-EcoRI restriction firagmeat of plasmid 
pFR12ARl to constract plasmid pLllO, and the ligated 
DNA was n«d to transfonn E call K12 KV30S. Tetracy- 
cline resistance was used as the basis for selecting tranafcr- 
niants. 

IWo Pstlrestricdon mzymc recognition sites are present 
in the EK-BGH coding region that are not depicted in the 
restnction site and fiinction maps presented in the accom- 
panying drawings. A restricdon site and function m^ of 
plasmid pLllO is presented in FIG. 14 of the accoixq)anying 
drawings. 

E. Hnal Constniction of Plasmid pB W32 

Approximately 10 ug of plasmid pSV2-P-gJobin DNA 
(NRRL B-15928) were dissolved in 10 »il lOx HindTTT 
reaction buffer, 5 pi (-50 units) restriction enzyme HtndTTT , 
and 85 pi H^O. and die reaction was placed at 37^ C for 2 
homs. The reacdon mixture was then made 0.15 M in liQ, 
and after the addition of 2.5 volumes of ctbanol and incu- 
bation in a dry ice-cdiancl bath, the DKA was pdleted by 
centiifugation. 

The DKA pellet was dissolved in 10 pi lOx BgJH buffer, 
5 pi (-50 units) restricdon enzyme B gEtt, and 85 pi H2O , and 
die reaction was placed at 37* C for two hours. After die 
BglH digestion, the reacdon rnxxUxre was loaded onto a 
0.85% agarose gel, and the fragments were separated by 
electrophoresis. The gpl was visualized using ethidimn bro- 
mide and ultraviolet light, and die band containing the 
desired -4.2 kb EindnZ-BglH feagmcnt was excised from 
die gel as previously described. The pellet was resuspended 
in 10 pi of H3O and constituted -5 pgof the desired -4.2 kb 
Hindm-BgUI restriction fragment of plasmid pSV2.p- 
glohin. The -2.0 kb ffindDDt-BamHl restricdon fragment of 
plasmid pTPA103 diat encodes TPA was isolated from 
plasmid iOT*AlQ3 in substantial accordance with die fore- 
going teaching. About 5 pg of die -ZO kb HindlH-BamHI 
restricdon fragment of plasmid jOTAlOS were obtained, 
suspended ia 10 pi of E2O, and stared at -20' C 

Tffo pi of die -4.2 Jd) Bgd-Hindni restricdon fragment 
of plasmid pSV2-(i-glohin and 4 pi of die -2.0 kb HiadlE- 
BamHl fragment of jAasroidpaiBAlOS were mixed together 
and dicn incubated with 2 pi of lOx ligase buffer, 11 pi of 
H3O, and 1 pi of T4 DNA ligase (-500 units) at 4« C 
ovetnight. The ligated DNA constimted die desired plasmid 
iaVA301; a restriction site and funcdon map of the plasmid 
is presented in FIG. 14 of the acconqwnying drawings. The 
ligated DNA was used to transform £. coU K12 RRl cells 
(NRRL B- 15210) made competent for tcansfocmation in 
substantial accordance widi die teaching of Example 3. 
Plasmid DNA was obtained from die E caU Ki2 RRl/ 
jrrPA301 transfbrmants in substantial accordance widi die 
procedure of Example 3. 

Plasmid pSV2-dhfr coirqirises a dihydrofalate reductase 
(dhfr) gene uscfid for srfccdon of transformed cukaryotic 
ccUs and aiiq)lificadon of DNA covalendy Unked to die dhfr 
gene. Tfen pg of plasmid pSV2-dhfr Osolatcd from £. eoU 
KXl HB10iypSV2-dhfr, ATCC 37146) were mixed widi 10 
pi lOx Pvun buffer, 2 pi (-20 units) PvuH restricdon 
enzyme, and 88 pi of HjO, and die resulting reacdon was 
incubated at 37* C for two hours. The reacdon was termi- 
nated by phenol and chlorofoxm extractions, and dien, the 
PvuH-digested plasmid pSV2-dhfr DNA was prccq)itated 
and collected by centiifogatiaD. 

BamHI linkers (5'-CGGArCCCG-30 wae kinased and 
prqjared f or Ugation by dK foUowing fTOcedarc. To 1 pg of 
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linker in 5 pi HjO was added: 10 }il 5x IQaase salts (300 mM 
Tris-Hd, pH=7^; 50 mM MgOj; and 23 mM DTT), 5 id 
of 5 mM ATR 3 pi of BSA (1 mgtol), 3 pi of 10 mM 
spermidfjift, 19 pi of H^O, and 1 pi of poiynudeotide Kinase 
(10 units/pl). This reacdon was dien iacabated at 37** for 60 
minnteit and stored at C Five pi (-3 pg) of the 
PvuII-digestedpla5zmdpSV2-dhfrand 12 pi (-23 pg) of the 
idnasedBaznHIlinkcrs were mixed and incubated with 11 pi 
of H30, 2 pi lOx ligase baffa; and 1 pi (-1000 onits) of T4 
DNA ligase at 16** C ovetni^L 

Ten pi of lOx BamHIrcaction buffer, 10 pi (-30 units) of 
BamHIxestdcdon enzyme, and 48 pi of H^O were added to 
the ligation reaction mixootc, wfai^ was then incnbated at 
37* C f or 3 hours. The reaction was loaded onto a 1% 
agarose gel, and die desired -L9 kb fragment, which com- 
prises the dfafir gene, was isolated from the geL All linker 
additions pexfomcd in diese examples were routinely puri- 
fied on an agarose gel to reduce the likelihood of muldpk 
linker sequences in the final vector The -3 pg of fragment 
obtained were suspended in 10 pi of TE buffet. 

Next, a^iproxxmately 13 pi (-1 pg) of plasmid pTPA301 
were digested with BamHI restricton enzyme as taught 
above. Because there is a unique BamHI site in plasmid 
pOTA301, this BamEDt digestion generates linear plasmid 
paPA301 DNA. Hie BamHI-digcstcd plasmid pTPA301 
was precipitated with edianol and resospended in 94 pi of 
H3O and phospbatased using 1 pi of Calf-tatestinal Alladine 
pho^hatase (Collaborative Research, Inc., 123 Spring 
Street, Lexington, Mass. 02173), and 3 pi of IM Tiis-HCl, 
pH=9. 0, at 63 C for 43 min. The DNA was extracte d with 
phenokcfalorofonn, t h ^ n extracted with dUoroformdsoamyl 
alcohoL ethand prec^itated, and resuspended in 20 pi H^O. 
Ten pi (-0.23 pg) of phoaphatased plasmid pTPA301 were 
added to 3 pi of the BamHI, dhfi'-gene-containing restriction 
fcagmcnt (-U pg), 3 pi of lOx Ugase buffer, 3 pi (rl300 
units) of T4 DNA ligase, and 9 pi H3O. This ligation reaction 
was incubated at 13" C overnight; the Ugated DNA consti- 
tuted the desired plasmid pTPA303 DNA. 

Plasmid pTPA303 was used to transform £L coUK^23Rl 
CNRRL B-13210), and the resulting E. coU K12 RRl/ 
pTPA303 transfocmants were identified by dxetr ampiaTlin- 
resistant phenotype and by restricdon enzyme analysis of 
dietr plasmid DNA. Plasmid pT^OOS was isolated fiom the 
transformants in substantial aocordance.with the procedure 
of Bxan^le 3. 

To isolate die -2.7 Us EcoRI-BgUI restriction fragment 
that encodes the pBR322 replicon and ^-lactamase gene 
fcom plasmid pTPA301, about 10 pg of plasmid pTPA301 
are digested to completion in 400 pi total reaction volume 
with 20 units BqlQ restriction enzyme in Ix BglH buffer at 
37** C After the Bgjll digestion, the Tds-HQ concentration 
is adjusted to 110 mM and 20 units of EcoRI restriction 
en2yme are added to the BgQI-digested DNA. The EcoRI- 
Bgin-digested DNA is loaded onto an agarose gel and 
electrophcvesed until the -2.7 kb EcoRI-BgtH restriction 
fragment is separated from the other digesdon pro du cts , and 
then, the -2.7 kb fragment is isolated and prepared for 
ligation. 

To isolate a restriction fragment that comprises the dhfr 
gene, plasmid pTPA3Q3 was double-digested with HindTTT 
and EcoRI restricdon enzymes, and the -2340 bp EcoRX- 
TTinrfnr restriction fragment that comprises the dhfr gene 
was isolated and recovered. 

To isolate die -2 kb Hindm-Sstl restriction fragment of 
plasmid pTFA303 that oonqirises the coding r^on for the 
carbozy-teiminus of TPA and the SV40 promoter; plasmid 
pTPA303 was doable digested widi Hindni and SstI restric- 
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tion enzymes in Ix Hindni baffcnThe -1 J to frag^^ 
isolated from the gel and prepared for ligadoiL 

To isolate the -6S0 bp XhoH (ccn^atible for ligation with 
the Bgin avedspySsa rcatdction fragment of pUsmid 
pBW2S that comprises the coding region for the amino 
tcnninus of modified TPA, about 10 pg of plasmid pBW28 
WM digested with XhoU enzyme to completion in Ix Xholl 
buffer (0.1M Tds-HCU pB=8.0; aiM MgCl,; 0.1% Tiiton 
X-100; and 1 mgtol BSA). The XboH-digcstcd DNA was 
recovered by ethanol precipitation and subsequently 
digested to ccnqdetion with SstI enzyme. The XhoII-Sstl- 
digested DNA was loaded onto an acrylamide gpl, and fte 
dcsited fragment was isolated from the gel and prq)arBd for 
ligation. 

About 0,1 pg of cadi of the above fragments: the -2.7 Id) 
EcoRI-Bgni restriction fragment of plasmid jiTPASOl; the 
kb EcoRI-HindHI rcstxicdon fragment of plasmid 
pTPA303; the -L7 kb Ssff-Hindlll restriction fragment of 
plasmid pTPA303; and the -0.68 kb SstX-XhoH restriction 
fragment of plasmid pBW28 were ligated together to form 
plasmid pBW32, The ligation mix was used to transform £. 
coU K12 MM294 as taught in Ex2iiq)le 2, except that50 mM 
Cad^ was used in the procedure: Tcansf otmants were iden- 
tified by their ampicillin-resistant phenotype and by restric- 
tion analysis of their plasmid DNA. Plasmid pBW32 DNA 
was obtained from die E. coU K12 MM294;!pBW32 trans- 
formants in" substantial accordance with the procedure of 
Example 3. A restriction site and function map of plasmid 
piBW32 is presented in HG. 14 of the accompanying draw- 
ings. 

EXAMPLE U 

ConstructiDn of Plasmids pUPChdl, pLPChd2, 
IPCdhfrl and LPCdhfr2 

A. Construction of Plasmids pLPChdl and pLPaid2 
About20jxg ofplasmidpBW32 itt20 jd of TE buffer were 
added to 10 pi of lOx BamHI buffer and 60 of HjO. About 
10 111 (-50 units) of restriction enzyme BamHI were added 
to the solution of jdasmid pBW32 DNA, and die resulting 
reaction was incubated at37« C for two hours. The BamHt 
digested plasmid pBW32 DNA was precipitated with 
ethanol, collected by centrifugatioa* andrcsuspcndcd hi 5 (il 
of lOx Klcnow buffer, 45 pi of H:,0, and2 fil (-1^ units) 
of Klcnow enzyme. The reaction was incubated at 16 Cfor 
30 minutes; then, the reaction mixmre was loaded onto an 
agarose gel and clectrophoresed until the digestion products 
were deariy separated. The -1.9 kb Klenow-trcated, BamHI 
restricriou fragment of plasmid pBW32 dut conges the 
dhfr gene was isolated from the gel and prepared for ligation 
in substantial accordance with the procedure of Exan^le 
4A About 4 Jig of the desired fragment were obtained and 
suspended in 5 pi of TE buffer. 

Aboul200 ^gofplasrnidpLPChyglin lOOjUofTObuffff 
were added to 15 pi of lOx EcoRI buffer and 30 pi of HjO, 
About 5 pi (-50 units) of restriction enzyme EcoRI were 
added to the solution of plasmid pUPChygl DNA, and the 
resulting reaction Was incubated at 37- C for about 10 
minutes. The short reaction time was calculated to produce 
a partial EcoRI digestion. Plasmid pLPChygl has two 
EcoRI restriction sites, one of which is within the ^ding 
sequence of the hygtornydn resistance-conferring (HmR) 
gene, and it was desired to insert die dhfr-gene-containing 
restriction fragment into the EcoRI site of plasmid 
oLPChyg 1 tiiat is not in the HmR gene. The partiaUy-EcoRI- 
digcsted plasmid pLPChygl DNA was loaded onto an 
agarose gel and clcdrophcrcscd until die singlyncut plasmid 
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pLPChygl DNA was separated ftom uncut plasxaid DNA 
and the other digestion products. The singly-cat DKA was 
isolated fiom the gd and prepared for ligation ia substantial 
acccatdancc with the procedure of Example 4A. About 2 fig 
of the singly-EcoRtcut plawnid plPChygl were obtained 
and suspended in 23 jd of TE buffet To this sample, about 
5 pi (-23 units) of Klenow enzyme, 3 fil of lOx Klcnow 
buffer, and 40 pi of Ufi were added, and the resulting 
reacti<ffl was incubated at W** C for 60 nunntes. The 
Klenow-treated, partiaEy-EcoRI-digested DNA was then 
f^ try^*^ twice with phenol and then once with chlorofonii, 
precq>itated with ethanol, and rcsuspendcd in 25 pi of TE 
buflfct 

About 5 pi of the -1^ kb Klenow-trcated BamHI icstnc- 
tion fagmcnt of plasmid pBW32 and about 3 pi of the 
singly-EcoRI-cut plasmid pLPChygl DNA were mixed 
togemcr, and 1 pi of lOx Ugasc buffet, 3 pi of HjO, 1 pi 
(-300 units) of T4 DNA Kgasc, and 1 pi (-2 units) of T4 
RNA ligase were added to the mixture of DNA, and die 
resultiiig reaction was incubated at 16"* C ovendghL The 
Ugatcd DNA constituted die desired plasmids pLPOidl and 
pLPCha2, which differ only with respect to the oiientation 
of die -L9 kb fragment tiiat ctai^Mdses tiic dhfr gene. 

The ligated DNA was used to transfom K coU K12 
HBlOl ceils made competent for tcansfotmation in substan- 
tial accordance with the proccdmc of Exanqde 2. The 
transfotmcd cells were plated onto L agar containing 100 
pg/inl ampidllin, and the an^adllin-resistant transfnmants 
were analyzed by icstrictiott enzyme analysis of their plas- 
mid DNA to identify die £ coU K12 HB10iyipLP(3idl and 
£. col! K12 HB101/pLPC2id2 transfoimats. Arcstriction site 
andfimction map of plasmid pLPOidl is presented in HG. 
15 of the acconqjanying drawings. Hasmid pLPChdl and 
plasmid pLPChd2 DNA were isolated from die appropriate 
ttansfcnnants in substantial accordance with die ptocedurc 
of Example 3. 

Plasmids pLP(3id3 and pLPChd4 are similar in structure 
to plasmids tiPChdl and pLPChd2. Plasmids pLPChd3 and 
pUPChd4 are constructed in substantial accordan^with the 
procedure used to construct plasmids pUEOdl and 
pLPChd2, except plasmid pLPChyg2 is u?«l^«5tartbg 
material in the procedure ratiier dian plasmid pL^ygl- 
B, Construction of Plasmids pLPCdhfrl and V^^O^ 

About 100 pg of plasmid pBW32 in 100 Pl of TE buffo: 
were added to 15 pi of lOxBamHI buffer and 23 pi of H.O. 
About 10 pi (-23 units) of restriction enzyme BamHI woe 
added to the solution of plasmid pBW32 DNA, and Ae 
resulting reaction was incubated at 3T C for 2 hours. The 
BamHiHiigcsted plasmid pBW32 DNA was ttc^d wUh 
Klcnow in substantial accordance widi die proccdnre in 
Example llA. The hhint^ndcd fragment was prcaptated 
widi ethanoUresuspended in 10 pi of TE buffer, toatoi onto 
an agarose gel, and dectrophoresed until the -1.9 kb BamHI 
restSi fragm^t dut comprises the dihydrofolate rcduc 
tase gene was separated from the otiicr digestion ^oduos. 
-nie -L9 kb restriction fragment was then isolated from the 
gel and prepared fcr ligation in substantial accoidance with 
die procedure of Example 4A; abojit 10 pg f 
frament were obtained and suspended in 50 pi 0^ 

About 5 ul of Ndd-StuWigested plasmid pIJC ^A, as 
pr$«d in Example 9. were added to 3 pi of the Kknow- 
tecied. -1.9 kb BamHI restriction fragment of pla^d 
3^2,Upl of lOx ligase buffer,lpl 
DNAHgase, 1 pl(.2units) of T4RNAligase and L5 
VLO The resulting ligation reaction was incubated at 16 L. 
^SS^^^^A constituted die d«ired plasmids 
pU>cSfrl and pLPCdhfri which differ only with respect 
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to the odentatiQn of the -L9 Icb firagxncnt that contains the 
dhfr gene. Hie liggted DNA was to transfonn E, coU 
K12 HBlOl in substantial accordance with the pcocedure of 
Exan^ 2. The transfonned ceQs were plated anto L agar 
containing atm pfrnHTi^ and the an^ricznin-iesistant coQ 
K12 HBlOl^LPCdhfrl zsx^KcoWSll HBI01^LFCdhfi2 
transfcnnants were identified fay lestxiction enzyme analysis 
of their plasmid DNA. 

EXAMPLE 12 

Constxnction of Hasmid phd 

To constina plasmid phd, it was necessary to yi e paie the 
plasmid pLPChdl DNA, used as starting matfrial in the 
construction of plasmid phd, from E, coU host cells that lack 
an "^^niTT* methylase, such as that encoded by the dam gene, 
the product cf which metfaylates the adenine residae in the 
sequence J-GATC-J R coii K12 GM48 (NKRL B-15725) 
lades a functional dam metbyiase and so is a suitable host to 
use for the purpose of prqianng plasmid pLFChdl DNA for 
use as starting T'l f'tn^*^ in the construction of plasmid i^d. 

E, coU K12 GM48 '^P? were cultured and made con^te- 
twyf for transfbtmation, and plasmid pLFQiygl was used to 
transfcnn the E eoU K12 Q^48 ceDs in substantial accor- 
dance with -the procedure of Example 2. The transformed 
rr.MjT were plated on L agar containing anpidUin, and once 
the azx^idllin-resistant, E coU K12 GM48^LPQidl trans- 
fcnnants had formed colonies, one such colony was used to 
prepare plasmid pLPChdl DNA in substantial accordance 
with the procedure of Exas^ile 3. About I mg of plasmid 
pLPChdl DNA was obtained and suspended in about 1 ml 
of TE buffo: 

About 2 fig of plasmid pLFChdl DNAin 2pl of TE buffer 
were added to 2 fil of lOx Bell buffer (7S0 mM KCU 60 mM 
Tiis-HO, ptt=7.4; 100 mM MgCli; 10 mM DTT and 1 
m^nl BSA) and 14 ^1 of H^O. About 2 ^1 (-10 units) of 
restricdon enzyme Bdl were added to the solution of 
plasmid pLFQidl DNA, and the resulting reaction was 
incubated at 50** C for two hours. The reaction was stopped 
by extracting the mixture once widi phenol and twice with 
chloroform. 

About 1 of the BdX-digested plasmid pLFChdl DNA 
was added to 1 pi of lOx ligasc buffet; 8 pi of H3O and 1 pi 
(-500 units) of T4 DNA Hgase. The ligation reaction was 
incubated at 16° C overnight, and the llgated DNA consti- 
tuted the desired plasmid phd. Plasmid phd results from the 
deletion of the extra BcH linkers that attached during the 
oonstructiott of plasmid pLPcat and the two adjacent BcU 
restnction fragments of a total size of about 1.45 Id> from 
piMTTwH pLPChdl. A rcstziction site and function m;^ of 
plasmid phd is presented in HG. 16 of the acoon^anying 
drawings. Plasmid phd facilitates the expression of any 
DNA sequence from the BK virus enhanccr-adenovirus late 
promota of the fsesent invention, because the DNA to be 
expressed can be readily inserted in the correct posidon for 
expression at the single Bdl site on plasmid phd. 

The ligated DNA was used to transfonn E coB K12 
GM48 in substantial accordance with the procedure of 
Exaicple 2. The transfoimed cells were plated on L agar 
containing «T"r*^'^^'", and the anqndUin-resistant E coU 
gll Qvf48/phd transfcsmants were identified by restriction 
enzyme analysis of their plasmid DNA. 

Plasmids analogous to plasmid phd can be constiucted in 
substantial accordance wi& the foregoing proced u re for 
constructing plasmid phd using any of plasmids pLPChd2, 
pLPC3id3, or pLPChd4 as starting material rather than 
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plaanud pLPQidL These anal^oos plasmids differ from 
piaamid phd only with respect to the orieatatioa of the 
hygromycm icsistaiicc-confaxing mdJat dhfr genes. 

EXAMFLE13 

CoQstroctioa of Flasmid pLPCElA 

To isolate the ElA gene of adenovirus 2 DNA, about 20 
fig of adenovims 2 DNA (from BRL) were dissolved in 10 
Ml of lOx BaH buffer (100 mM Tds-HO, pH=7.6; 120 mM 
MgOi; 100 mM 2-mcrc3ptoethanol; and 1 mgtel BSA) and 
80 pi of H3O. About 10 pi (about 20 units) of restriction 
enzyme BaH were added to the solution of adenovirus 2 
DKA, and the resulting rcactibn was incubated at C for 
two houn. The Ball-digested DNA was loaded onto an 
agarose gd and electrophoresed until die —1.8 kb restriction 
fragment that conptises the ElA gene was separated from 
the^ other digestion products. The -1.8 Isb fragment was 
isolated from the gd and prepared for ligation In substantial 
accordance with iic procedi^e of Example 4A. About 3 pg 
of the desired fragment was obtained and suspended in 20 pi 
ofTEbuffec 

About 5 pg of plasmidpLPCin 5 pi of IE buffer were 
added to 2 pi of IQx StuI buffer and 11 pi of HjO. About 2 
pi (-10 units) of restriction enzyme Stol were added to the 
solution of plasmid pLFC and the resulting reaction was 
incubated at 37" C for 2 hours. The Stul-digcsted plasmid 
pLPC DNA was prec^tated with etfaanol and resuspended 
in 2 pi of lOx Nddbuffcr and 16 pi of H^O. About 2 pi (-10 
units) of restdction enzyme Ndd were added to the solution 
of Stul-digested plasmid pIPC DKA, and the resulting 
reaction was incubated at 37" C for 2 hours. 

The Ndel-StuI-digested plasmid pLPC DNA was precqn- 
ti^ trd with dhand and resuspended in 5 pi of lOx Klenow 
buffer and 42 pi of HjO. About 3 pi (-6 units) of Klenow 
enzyme were added to the solution of DNA, and the result- 
ing reaction was incubated at 37" C for 30 minutes. The 
reaction mixture was then loaded onto an agarose gd and 
dectrophoresed until the -5.82 kb, Klenow-treated, Ndd- 
StuI restriction fragment was deady separated from the 
other zeaction products. The fragment was isolated from the 
gd and prepared for ligation in substantial accordance with 
the proccdmc of Example 4A About 2 pg of the -5.82 kb, 
Klenow-treated, Ndel-StuI restriction fragment of plasmid 
pLPC wore obtained and suspended in 25 pi of TE buffer. 

About 9 pi of the -1.8 kb Bali restriction fragment of 
adenovirus 2 that encodes the ElA gene and 3 pi of the ^5.82 
kb, Klenow-tieated, Nddt-StuI restriction fragment of plas- 
mid pLPC were added to 2 pi of lOx ligasc buffer and 4 pi 
of H3O, About 1 pi (-500 units) of T4 DNA ligase and 1 pi 
(-2 units) of T4 RNA ligase were added to the solution of 
DNA, and the resulting reaction was incubated at 16" C 
oventight 

The ligated DNA constituted the desired plasmids 
pLPCElAandpLPCElAl, which differ with respect to the 
orientation of the EIA gene and possibly differ with reject 
to the expression-enfaandng effect the BK enhancer has on 
the ElA gene on the plasmid. Because the ElA promoter is 
located doser to the BK enhancer on plasmid pLFCElA 
than plasmid pLPCElAl, ElA expression may be higher 
when plasmid pLPCElA is used as opposed to plasmid 
pLPCElAl. A restriction site and fimcticn map of plasmid 
pLPCElA is presented in Ha 17 of the acconqjanying 
drawings. 

The ligated DNA was used to transfocm £ coU K12 
HBlOl in substantid accordance with the procedure of 
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Example Z The tiaasf onncd cells were plated on L aga 
containing ampidllin, and the a2xq>idllin-fe3istant transfer 
mants were screened by restriction enzyme anatysis of thcti 
plaamid DNA to identify the E. caU K12 HBlOI/pLPCElA 
and £. coU K12 HBlOl/pLPCElAl transfotmants. Plasmid 
DNA was obtained firom the transfcanants for use in latff 
esqperiments in substantial accordance with die procedure of 
Exanq)Ic3- 

EXAAIELE14 
Construction of Flasmfd pBIT 

About I fxg of plasmid pBW32 DNA (FIG. 14, Exanq)lc 
10) in 1 of TE buffer was added to 2 jil of lOx BamHI 
buffer and 15 pi of BLjO. About 2 jd (-10 units) of restriction 
enzyme BamHI were added to the solution of pia^rtrf d 
pBW32 DNA, and the resulting reaction was incubated at 
37* C for 2 hours. The reacdoa was stopped by first 
extracting the reaction mixture with phenol and then extract- 
ing the reaction mixture twice with chloiofonn. About 1 pi 
of the BamHI-digested plasmid pBW32 DNA was added to 
1 ^of lOx HgasebofferandSpIafHjO, and after about 1 
^ (-500 units) of T4. DNAligase was added to the solution 
of DNA, the resulting reaction was incubated at 15* C 
overnight. 

The ligated DNA constituted the desired plasmid 
pBW32del, which is about 5.6 Idb in size and comprises a 
single HindODt restriction site. The ligated DNA was used to 
transforms coQ K12 HBlOl in substantial accordance with 
the procedure of Bxan^lc Z The desired E. coll K12 
HB101/pBW32dcl transfotmants were identified by their 
ampidllin-rcsistaat resistant pheno^pe and by restriction 
enzyme analysis of their plasmid DNA. Plasmid pB W32dcl 
DNA was obtained from the transformants for use in sub- 
sequent constructions in substantial accordance with the 
procedure of Example 3. 

About 1 pg of plasmid pBW32deI in 1 pi of TE buffer was 
added to 2 pi of lOx Hindlir buffer and 15 pi of HjO. About 
2 pi (-10 units) of restriction enzyme HindBI were added to 
the solution of plasmid pBW32del DNA, and the resulting 
reaction was incubated at 37* C for 2 hours. The sample was 
diluted to 100 pi with TE buffer and treated with calf- 
intestinal alkaline phosphatase in substantial accordance 
with the procedure described in Exan^le Z The reaction 
was extracted twice with phenol dicn once with chlcrofoim. 
The Rindlll-dtgested plasmid pBW32del DNA was then 
prec^itated with cthanol and resuspended in 10 pi of H^O, 
Plasmid pBalScat (Example 17) was digested with restric- 
tion enzyme WfnrfTTT and the -0.65 ld> Hindnz restriction 
fragment that comprises the modified BK enhancer- 
adenovirus 2 late promoter cassette was isolated and pre- 
pared for ligation in substantial accordance with the proce- 
dure of Example 5. About 0.1 pg of the -0.65 HindHI 
restriction fragment of plasmid pBalScat in 5 pi of TE buffff 
was added to 3 pi of the solution of Hindni-digested plasmid 
pBW32deL About 1 pi (-500 units) of T4 DNA Ugasc and 
1 pi of lOx ligasc buffer were added to the mixttire of DNA» 
and the resulting reaction was incubated at 16* C overnight. 

The Ugatcd DNA constitnted the desired plasmid pBIX A 
restriction site and function map' of plasndd pBIT is pre- 
sented in HG. 18 of the accompanying drawings. The 
ligated DNA was used to transform^ coll K12 HBlOl in 
substantial accordance with the procedure of BxaxBplc Z 
The transformed cells were plated on L agar containing 
ac^)iciUin. and the anq>icillin-iesistant £ coll K12 HBlOl/ 
pBIT transformants were identified by restriction enzyme 
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analysis of thdr plasmid DNA. Because the -0.65 kb 
BiniXm restriction firagmcnt could insert into HiadHI- 
digestcd plasmid pBW32dcl in either one of two 
orieatations, only one of whidi yields plasmid pBLT, the 
oricntaiion of the -0.65 1* Hindniiestriction fagmeat had 
to be d r t r rmfnrd to identify the £ eoU K12 HBlOly^jBlT 
ttansfannams. Plasmid pBLT DNA was prepared from the 
transfonnants for use in snbscquent constractions in sub- 
stantlal accordance with the procedure of Example 3. 

EXAMFLE15 

Construction of Haamids pBUhygl, pBLThy^ 
pBITdhfrl, and pBLTdhfr2 

A- Construction, of Fasmids pBIJhygl and pBUliy^ 
About 4 Jig of plasmid pBUT DNA in 4 jii of TE buflfcr 
were added to 2 pi of lOx BamHI buffer and 12 of H^O. 
About 2 (-10 units) of restriction enzyme T^T^m ^cre 
added to the sohition of plasmid pBIT DNA, and the 
resulting reaction was Incubated at 37** C fcr 2 hours. The 
reaction was stepped by extracting the reaction mixtaic first 
with phenol and then with chlarofotm. The BamHI-digcsted 
plasmidpBLXDNA was then prccqatated with ethanol and 
resuspended in 2 jd of TE buffet 

About 10 ^g of plasmid pSV2hyg in 10 jd of buffer 
were added to 10 ;d of lOx BamHI buffer and 75 jil of HjO. 
About 5 pi (-25 units) of restriction enzyme BamHI were 
added to the sotation of plasmid pSV2hyg DNA, and the 
resulting reaction was incubated at 37** C for 2 hours. The 
BamHI-digcsted plasmid pSV2hyg DNA was precipitated 
with ethanol, resuspended in 10 fil of TE buffer, loaded onto 
an agarose gel, and elcctrophorescd until the -2.5 kb BamHI 
restriction fragment that comprises the hygromycin 
resistance-conferring gene was separated from the other 
digestion products, the -2.5 kb restriction fragment was 
then isolated from the gel and prepared for ligation in 
substantial accordance with the jirocedure of Exan^ile 4A; 
about 2 pg of the desfied ficagment were obtuned and 
«Mpcttdcd in 10 pi of TE buffo: 

About 2 pi of tiie BamHI-digested plasmid pBIX DNA 
and 1 pi of the -2.5 tb BamHI restriction fragment of 
plasmid pSV2hyg were added to 1 pi of lOxligase buffer, 5 
pi of IljO, and 1 pi (-500 units) of T4 DNAligasc, and the 
resulting reicdon was incubated at 16" C. ovcmighL The 
ligatcd DNA constituted the desired plasmids pBLThygl 
and pBlThyg2, A restriction' site and fimctioa map of 
plasmid pBIJhygl is presented in FIG. 19 of the accom- 
panying drawings. Plasmids pBUTiygl and pBLTfaygZ dif- 
fer only with respect to the orientation of the -2.5 kS BamHI 
restriction fragment that encodes the hygromycin resistance- 
confeidng gene. 

The Ugatcd DNA was used to transform £ coU K12 
HBlOl in substantial accordance with the procedure of 
Example Z The transformed cells were plated onto L agar 
co ntainin g anqricillin^ and the anopiciUin-resistant E, coU 
K12 HBlOl/pBIThygl and £ coU K12 HB101/pBLThyg2 
transfonoants were identified by restriction enzyme analysis 
of their plasmid DNA. 

B. Construcrion of Plasmids pBITdhfrl and pBITdhfr2 

About 100 pg of plasmid pBW32 in 100 pi of TE buffer 
were added to 15 pi of lOx BamHI buffer and 25 pi of H2O. 
About 10 pi (-50 units) of restriction enzyme BamHI were 
added to the solution of plasmid pBW32 DNA, and the 
resulting reacrion was incubated at 37** C for 2 houn. TUc 
BamHI-dig«tcd plasmid pBW32 DNA was precipitated 
with ethanol, resuspended in 10 pi of TE buffer, loaded onto 
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an agarose gd, and dcctroFhaicscd until the -L9 kb BamHI 
restxictioa fragment that compriiff^r- the dthydrofolate reduc- 
tase gene was s ep arated from the other digestion products. 
Ihe -1^ kb restzicdon fragment was then isolated from the 
gel and prepared for ligation in sabstantial aceordance with 
the procedure of Bcample 4A; about 10 ^g of the desired 
fragment were otoined and suspendedin 50 (il ofTE bafen 
About 2 |il of the BamEI-digested plasmid pBIT DNA 
prepared in Example ISA and 1 pi <tf the -1.9 Id) BamHI 
lestziction fragment of plasmid pBW32 were added to 1 jii 
of lOx ligase buffer, 5 fil of HjO, and 1 pi (-500 units) of 
T4 DNA ligase, and the resulting reaction was incubated at 
16" C ovendght The ligated DKA constimted the desired 
plasmids pBLTdhfr 1 and pBITdhfirl Arestxictlon site and 
hmction map of plasmid piBUdhfr 1 presented in HG. 20 of 
the accompanying drawings. Flasmids pBIXdhfr'l and 
pBITdhfr2 differ only with respect to the orientation of the 
-1.9 kfo BamHI restriction fragment diat encodes the dhfr 
gene. 

The ligated DNA was used to transform £ coU K12 
HBlOl in snbstantiai accordance with the pxocedure cf 
F» ample 2. The transfomed cells were plated onto L agar 
containing am ptrtniw^ and the ampicinin-resistattt £1 coS 
K12 HBlOlpBITdhfrl andK coB K12 HBlOl/pBITdhfiS 
' transfocnants were identified by restriction enzyme analysis 
of their plasmid DNA. 

EXAMPLE 16 

Construction of Plasmids phdITA and phd\rrPA 

A. Construction of Intermediate Hasmid pT?A60(Z 

About 50 pg of plasmid plTAlOS (Example 10, FIG. 14) 
in 45 pi of ^s-distiHed MJO were added to 30 pi of lOx 
EcoRI buffer and 225 pi of H^O. About 10 pi (-80 units) of 
restriction enzyme EcciRI were added to the solution of 
plasmid |^A103 DNA, and the resulting reactiott was 
incubated at 3T* C for 90 minutes. The EooRI-digested 
plasmid pTB\103 DNA was prcc^zitated with ethanoU 
resuspended in 50 pi of Ix loading buffer (10% glycerol and 
0.02% bromophenol blne)» loaded onto an agarose gel, and 
cLectrophoresed until the -1.1 Idb EcoRI restdction fragment 
was separated from the other reaction products. Ihe -1.1 kb 
EcoRI restxictida fragment that oonq>xises the TPA amino- 
tenninal-cncoding DNA and was isolated from the gel by 
dectrophoresing the fragment into a dialysis bag. The frag- 
ment was then precipitated with ethanol and resuspended in 
160Ml(rfHjO. 

About 40 pi of lOx Hgal buffer (0.5M Nad; 60 mM 
Ttis-HO, pH=7.4; and 0.1 M MgOJ, 200 pi of glass- 
<fi5tilled H2O, and 20 pi (about 10 units) of restriction 
enzyme Hgal were added to ttie solution of -1.1 kb EccRI 
restriction fragment, and the resulting reaction was incu- 
bated at 37"* C for 4 houn. The Hgal-digested DNA was 
precqntated witii ethanol and then electrophorcsed on a 5% 
acrylamide gel, and the -520 bp restriction fragment that 
encodes the amino tcnninus of TPA was isolated onto DE31 
paper and recorvered. About 5 pg of the -520 bp Hgal 
were obtained and suspended in 50 pi of H3O. 

About 1Z5 ;il of lOx Klenow buffer (0.5M Trfs-HO, 
pH=7.4, and ai M Mgdj), 2 pi of a sohition that was 6.25 
mM in each of the four deoxynudeotide tx^hosphates, 2 pi 
of 0.2M DTT, 1 pi of 7 pgtolBSA, 57.5 pi of glass^tilled 
H2O, and 2 fd (-10 units) of Klenow enzyme (Boefaxinger- 
Mannheim Biochemicals, 7941 Castlcw^ Dri, HO. Box 
50816, Tndian^H<, Ind. 46250) were 2ddoti to the solution 
of the -520 bp Hgal restriction fragment, and the resulting 
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reaction was incubated at 20* C for 30 mnatcs. The 
Klenow-tieatedDNAwas incnfartod at70'' C for li numites 
and i«edpitated with cthanoL 

Aboat 500 picomolcs of BamHI linker (5'- 
CGGGATCCCG-y, double-stranded and obtained from 
New England Bidabs) were phosphorylated using poly- 
nudeotide kinase in a total reaction yolmne of 2S )iL The 
rcacdott was caoied out in substantial accordance with the 
procednxe desaibed in Exanqde dA. Ihe Idnased BaniEI 
linkzn were added to the solution of KIcnow-tieated, -520 
bp Hgal zestdction fragment togeths' with IS pi of lOx 
ligase buffer, 7 (il (-7 Wdsa units) of T4 DNAligase, and 
enough g^s^tilled H3O to bang the reaction volume to 
150 fiL The resulting reaction was incubated at 16" C 
overni^ 

The ligation reaction was heat-inac£ivated« and the DNA 
was predpitated with ethanol andresuspended in 5 pi of lOx 
Bamm buffer and 45 Jil of About 1 pi (-16 units) of 
resttiction enzyme BamHI was added to the solution of 
DNA, and the resulting reaction was incubated at 37" C for 
90 minutes. Then, another 16 units of BamHI enzyme were 
aHA»ff to the reaction mixture, and the reaction was incu- 
bated at C fox another 90 minutes. The reaction mixture 
was then electrophorescd on a 5% polyaoylamidc gcU and 
the -530 bp Hffil lesniction fragmr.nt, new with BamHI 
ends, was purified from the gd in substantial accordance 
with the procedure of £xan^>le 6A About 2 pg of the desired 

fragment were obtained and suspended in 20 pi of HjO. 

BamHI-digested, dephosphorylated plasmid pBR322 
DNA can be obtained from New England Bioiabs. About 0. 1 
pg of BamHI-digested, d^osphorylated plasmid pBR322 
in 2 pi of HjO was added to 1 pi of the -530 bp Hgal 
restriction fragment, with BamHI ends, of plasmid 
pTE\103, 14 pi of H3O, and 1 pi (-1 Wdss unit) of T4 DNA 
ligase, and the resulting reaction was incubated at 16" C 
ovffnight The ligated DNA constituted djc.desired plasmid 
pTPA602 and an equivalent plasmid d e si g na t ed pTPA601, 
which differs from plasmid pfrPA602 only with respect to 
the cricntation of the inserted, -530 bp restriction fragmenL 
Arestriction site and function m^ of plasmid pTE/»i602 is 
presented in FIG. 21 of the accampanying drawings. 

The Hgated DNA was used to transform £ coU K12 
MM294 in substantial accOTdance with the procedure of 
Example 2, except that 50 mM CaOi was used in the 
procedure. The transfbnned cells were plated on L agar 
containiDg ^^Trfrmtn^ and the ampidllin-rcsistant E. colt 
K12 MM294/iaPA6Q2 and £ coU K12 MM294>i)TPA601 
cells were identified by restriction enzyme analysiiT of their 
plasmid DNA Presence of an -530 bp BamHI restdction 
fragment indicated that the plasmid was cither pTPA602 or 

plasmid pnPA601. 

B. Construction of Lxtctmcdiate Plasmid pfrPA6Q3 

About 5 pg of plasmid frtPA6a2 were dissolved in 20 pi 
of lOx BglH and 180 pi of H^O. About 3 pi (-24 units) of 
restriction emymc BgHI were added to the solution of 
plasmid jaPA6Q2 DNA, and the resulting reaction was 
incubated at 37" C for 90 minutes. Then, -13 pi of lOx 
BamHI buffff w« added to the reaction mixmre to bdng 
the salt concentration of the reaction mixmre up to that 
recommended for SaH digestion, and 2 pi (-20 units)of 
restriction enzyme SaU were added to the reaction. The 
reaction was incubated at 37* C for another 2 hours; tiien, 
the DNA was precipitated with edunoU icsuspcnded in 75 pi 
of loading buffer, loaded onto an agarose gd, and electro- 
phorescd until the -4:2 Id) Bgfll-Sall restriction fragment 
was sqjarated from the other digestion products. The region 
of the gd containing the -4^ kb BglH-Sail restriction 
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fragment was ocdscd fr<an the gd, frozen, and the frozen 
segment was wx^)ped in plastic and squeezed ta remove the 
-4^ kb fragment The DMA was picc^ritaied and icsus- 
pcndedinZOplofHaO; about 200 nanograms of the desired 
fragment were obtained. 

About 12 Jig of plasmidpTE\103 were dissolved in 15 pi 
of lOxB^buffcrand 135 piof HjO-About 2 jd(-16-amts) 
of restriction enzyme Bgffl were added to the solution of 
plasmid jOTAlOS DNA, and tlie resulting reacdon was 
inmfrflt^ at 37* C for 90 minutes. About 10 jil of lOx 
Bamm boffcr were added to the solution of Bgfll-digcsted 
plasmid {OTAia3 DNA to bring the saU concentration of the 
reaction mixture up to that required for Sail digestion. Then, 
about 2 jil (-20 units) of restriction enzyme Sail were added 
to the solution of BgUE-digestcd plasmid pTOiUaS DNA, 
and the reaction was incubated at 37* C for another 90 
minutes. The BgOKSall digested plasmid pTPA103 DNA 
was concentrated by cthancl predpitadon and then loaded 
onto an agarose gd, and the -2.05 kb BglE-SaH restriction 
fragment that encodes all but the amino-tenmnus of TPA 
was isolated from Che gd, precipitated with edianol and 
rcsuspcnded in 20 jil of HjO. About 2 jig of the desired 

fragment were obtained. 
About 5 ul of the -4.2 kb Bgin-Sall restrictipn fragment 

of plasmid inrPA602 and 2 pi of -2.05 kb BglH-Salt 
restriction fragment of plasmid pTPA103 were added to 2 jil 
of lOx Ugasfc buffer; 10 pi of -HjO 20, and 1 jil (-1 Wdss 
unit) of T4 DNA ligase, and the resulting Ugation reaction 
was incubated at 16' C overnight The iigated DNA con- 
stimted the desired plasmid pTPA603. A restriction site and 
function m^ of plasmid pTPA6Q3 is presented in FIG. 22 of 
the accompanying drawings. 

The Iigated DNA was used to transform JE. coU K12 
MM294 in substantial accordance with the procedure of 
Example 2, caccq)t that 50 mM CaCla was used in the 
procedure. The transfonncd cdls were plated on L agar 
containing a*n pi'rillin, and the aiiq)iciinn-rcswtant £. coU 
K12 MM2944)TPA603 transformants were identified by 
restriction enzyme analysis of their plasmid DNA. 
C Construction of Hasmid pMlPA603 

About 100 lig of plasmid pBLT (Example 14, HG. 18) in 
100 Ml of TB buffer were added to 1 0 jil of lOx Ssfl (Ssa is 
equivalent to restriction en2yme SacT) buffer (60 mM Tris- 
HCL pH^7.4: 60 niM MgC^; 60 mM 2-mcrcaptocthanol; 
and 1 mg/^mlBSA) and 25 pi of HiO. About 10 jd (-50 units) 
<rf restriction enzyme Sstl were added to die solution of 
plasmid pBIT DNA, and the resulting reaction was incu- 
bated at 3T C f cr 2 hours. The Sstl-digcsted plasmid pBIX 
DNA was precipitated with ethanol and rcsuspcnded in 10 pi 
of lOx BgOI buffi and 85 Ml of H^a About 5 m1 (-50 units) 
of restriction enzyme Bglll were added to the solution of 
Sstl-digested plasmid pBU DNA, and the resulting reaction 

was iocubated at 37* C for 2 hours. 

The BgHI-Sstr-digested plasmid pBLT DNA was prccqa- 
tated with ethanol, rcsuspcnded in 10 jd of H^O, loaded onto 
an agarose gel, elcctrophorescd, and the -690 bp BgOI-Sstl 
restriction fragment, which contains that portion of the 
modified TPA coding sequence wherein the deletion to get 
the modified TPA coding sqnence has occmrei of plasmid 
pBLT was isolated from die gd in substantial accordance 
widi dieproccdure of Example 4A.About5 Mg of die desired 
-690 bp B^-Sstl restriction fragment of plasmid pBU 
was obtained and suspended in 100 jd of H3O. ^ 

About 5 MS of plasmid pTPA603 (Exan^le 16B, FIG. 22) 
in 5 Ml of IB buffer were added to 10 Ml of lOx Sstl buffer 
and 95 Ml of About 5 Ml (-50 tmits) of restriction 
enzyme Sstl were added to fee solution of plasmid iaTA603 
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DNA, aad the rcsaUng reaction was incnbated at 37« r for 
nic SstlHllgested plannid iai>A603 DNA w« 
^e^atated with ethanol and nsaspcnded in 10 ul of lOx 
Bgm bnffa ««1 85 Mi of H,0. About 5 Mi C-SO^Uf 
^rtclion «zyme Bgm were added to the solution of 
SrfWige«ed plaanid i^IPASa DNA. and die leamting 
nartM w« Incalwted at ST* C for 2 ho«n. The Bgin- 
f^^f^^'f^^^ DNAwaa dilnted to IMul 
in TE buffer and treated with calf-inteatinal «ivm<.. -ho*, 
phataae in substantial accordance witti the nrocedme of 
^^"P^J^^^Awaa thcaprecqritatedwia ethanol and 
resaspendcdin lOplofHiO. w-»i.««ua 

Abort 5 Ml of die BgDMsa-digested plasmid ^TSA&a 
and 2 Ml rf 4e HS90 bp Bgin^ rcstrtoton b^^t 

of 1^0, and 1 Ml (-1000 units) of T4 I^U^^^ Z 

rwnltmgJigaiionreaction was ineabatedat 16" C ovetnieht 
^"'A constituted the desired olasiJd 
pmPA<503. PlasaidpMITAdOS is thns «^ousSS 
di«to gtorid PTEWQ3 (HG 22), except that plasndd 
pifTPAfiOJ encodes modified TEA, andpl^d roSs 

TTic ligated DNA was used to ttansfomx £ coff K12 
WlQl in si^staatiai accordance with the procedure of 
2, Hic tonsfonned cells were plated on L agar 
conto^g ainpicOlin, and the ampidUin-resistaiU £ 
K12 mi01/pMIPA(5Q3 transfonnants were idcntmcd by 
restriction enzyme analysis of ihcir plasmid DNA. 
D. Construction of Hasinid phdTEJA. 

^? ofpJasmidpTrPA(503 (Example I6B, HG. 
^in 10 pi of TE buffer were added to 10 pi of lOx BamHI 

en^oae Bamm were added to the solution of plasmid 
fOPACOa DNA, and the resulting reaction was incubated at 
rL. 2 hours. The BamHiHdigestcd plasmid tfTPAfiOS 
DNA was precipitated with ethanol, resuspendcd in 10 ul of 

thi t Sf^ ^^'^ ^ clcctrophoresed until 

the -1.90 ib BamHI restriction fiagment that encodes TPA 
vi^sepMtcd from the other digestion products. Hie -1,90 
O) BamHiTcstactionfagmcnt was isolated from the gel and 
wsuspcnded in 50 pi of TE buffer, about 4 ug of the desired 
nagment were obtaxned. 

^^i^^i^^ of plasmid phd (Example 12, FIG. 16) in 2 ul 
. ^J^^^ to 2 pi of lOx Bdl buffer and 14 

Pl of H3O. About 2 pi (-10 units) of restriction enzyme Bell 
were added to tfie solution of plasmid phd DNA, and the 
resuUmg reaction was incubated at 50" C f or 2 hours. The 

re^on was stopped by crtracting the reaction inixtnrc first 
with phenol and tiicn twice with chlorofcra. The Bdl- 
*«csted plasmid phd DNA was then precipitated with 
ethanol and resuspendcd in 20 pi of IE buffet 

About 1 pi of the BcU-digested plasmid phd and 2 pi of 
^rh^ ^ restriction fragment of plasmid 

^P|\<503 were addcd.to 1 pi of lOx ligase buffer, 5 pi of 
UxOj and 1 pi (-500 units) of T4 DNAligase. The resulting 
Ugation reaction was incubated at 16" C overnight. The 
ligated DNA constituted the desired plasmid phdTPA A 
restriction site and function map of plasmid phdTPA is 
presented in HG. 23 of the accoirqjanying drawings. 

The ligated DNA was used to transform K coU K12 
HBlOl (NRRL B-15626) in substantial accordance with the 
procedure of Exan^le Z Hie transformation mixture was 
plated on L agar containing ampinllfn, and tiic an^rfdilin- 
resistant£ coZ? K22 HBlOl/phdTPA cells were idcutifiedby 
restriction enzyme analysis. The -1.90 ib BamHI restriction 
fragment could insert into Bcll-digcstcd plasmid phd in 
cither one of two orientations, only one of which places the 
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ra^ coding scqnaice In the proper pcmtfoa to be cn^^ 
imdcr the control of the BK enhanccr-adenoviras late pro- 
mto cassette and thus results in the desired plamid 

R Construction of Plasmid phdNflFA 
^rout 10 pg of plasmid pAfrE(V6(& (Ezanple 16Q in 10 

pi of TE buffer were added to 1 0 pi of lOx BamHI buffer and 
as pi of HjO. About 5 pi (-50 units) of restriction enzyme 
BimHI were added to the solution of plasmid pMIPA6a3 
DNA, and the resulting reaction was inm hat.-^ ^ yjo 
2 hours. The BamHI-digested plasmid pMrPAdOS DNA * 
was precqjitated with edianol, resuspcnded in 10 pi of ELO 
loaded onto an agarose gel and dedrophoresed unti the' 
-135 kb BamHI restriction ftagmeut that encodes mrtdi'qH 
TPA was sqjaratcd from the odicr digestion products. The 
-1 J5 kb BamHI restriction fragment was isolated from the 
gel and resuspcnded in 20 pi of TE buffo; about 4pg of the 
desired fragment were obtained. 

About 1 pi of th e B cUHligestcd plasmid phd prepared in 
Example 16D and 2 pi of the -135 lb BamHI restriction 
fragment of plasmid pMTPAfiOS were added to 1 pi of lOx 
Hgase buffer, 5 pi of HjO, and 1 pi (-500 units) of T4 DNA 
ligase. The resulting ligation reaction was incubated at 16* 
C overnight The li^d DNA constitnted die desired 
plasmid phdNCm. A restriction site and function map of 
plasmid phdXfTPA is presented in HG. 24 <rf the accompa- 
nying drawings. 

The Kgated DNA was used to transfam £ coS K12 
HBlOl in substantial accordance with the procedure of 
Example 2, The transformation moctcre was piat^ on L agar 
containing ampidUin* and die anqricOKn-resistant £. coU 

K12 HBlOiy^hdMTPA cells were identified by restriction 
enzyme analysis of dieir plasmid DNA The -U5 kb 
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BamHI restxiction fragment coald iosert into BQI-digcsted 
piasinid pbd in eithtr one of two odcntatioiu, only one of 
which places the TPA coding sequence in the proper position 
to be expressed onder the control of &e BR enhancer- 
adenovirus late promotcx and thus restzlts in the desi r ed 
plasnxid phdS^TTFA. 

EXAMPLE 17 

Construction of an Inqiroved BK Enhancer- 
Adenovirus I^*^ Promoter Caw^rt 

The t ran<rr{p t^nn- ^nfr^^'^" S effect of the BS mhnnrrr 
can be significantly increased by placing the rnhan f rr from 
0 to 300 nucleotides upstream of ^ 5* end of the CAAT 
region or CAAT region equivalent of an adjacent cukaryotic 
promotec The sequence and fimctional elements of the 
present BK enhancer-adenovirus 2 late promoter cassette, 
before modification to achieve greater enhancing activity, is 
depicted below. This depiction assumes that the BK 
enhancer is from, the prototype strain of BK virus, available 
from the ATCC under the VR-837. However, ArCCVR-837 
consists cf a mixture of BK variants, Elasmid pBalScat and 
the other BK enhancer-osntaining plasmids of the invention 
con^sise this BK enhancer variant and not the BKprotot^^e 
enhancer depicted below. As stated above, however, any BK 
fnhani^ variant can be used in the methods and compounds 
of the present invention. Hasmid pBalScat can be obtained 
in E, coU K12 HBlOl cells from the Nocthcm Regional 
Research Center, Peoda, HL 61604 under the ac c ession 
number NRRL B-18267. 

y-AAG CniiC T CATEAAOGGA AGATITCCCC AGGCAGCTCr TICAAGCCCT AAAAGGICCA 
120 

TCACCrcCAT GGATTCnCC CTOITAAGAA CTTrATCCAT TnTOCAAAA ATIGCAAAAG 

Stal 

AAXAGGGATT TCCpCAAAlA GnTTOCIAG GCCICAGAAA AACCCTCCAC • ACCCTTACTA 

240 . 

CITCAOAGAA AGGOTGGAGG CAGAGGCGGC CICGGCCICT TATATATIAT AAAAAAAA^ 

a first xepeat of the BKenbaaceT"—- — -,— — • 

GCCACAGGGA GCSAGCIGCn ACCCAIGGAA TGCACXXl^AA CCATOACCIC ACQAAGOAAA 



_________ ^« • — — ff^ryjyi rTTTfTtt TTf **** ^^""'^ '"~~^~'"*'^~^~^'"^^!Iv rT *' 

GTCCATCACT CACACGGOAA TCCAGCCAAA- CCAIGACOT AGCSAAGOAAA GTCXIAlGACr 



360 
T 

420 

• ; -dtud repeat of ttMBKe&laacer 

CACACGC3AaO ACXnCSCTTAC CCATCGAATG CACCCAAAOC ATGACCTCAG GAAGGAAAGT 

, •( 43 bp icsen; uot fiswid ia BK(DX3N) ' _ 

CCAIGACICO GCACCCAGCC AGIGGCAOTr AATAGIOAAA CCCCGCCGAC AGACATCmT^- 

1GCGAGCC1A GGAATCriGG CCrTOTCCCC AOTTAAACTO GACAAAGGCC ATCGrtCIGC 

Stnl/pyuII SstI ~ " 

GCCAGGCIGT CCTOOAGCOG . TGTTCCGOCG TCCtCCICGT ATAGAAACIC GGACCACICT 

660 

GAOACXJAAGO CICGOnCCA GCSCCAGCACO AAGQACGCIA ACTTGGQACJGG CIAGCGCICG^ 

XTOICCACTA GGCCXJICCAC TCGCItXAGa GIGIOAAGAC ACAlUiCOCC CICTTCCGCA 

CAAT Region ™ 

TCAAGOAAGO TO AIllXiiri ' ATAOCTKJIAG GCCACGTGAC CGGGIUIICC TGAACCSGCSGQ 

gtutstaoftnoacnpdon 

TAC^Box • — — — >^ ^ *^ 

CTATAAAAGO GGCJIGCX3GGC GCOnCOICC TCACTClCrr CCGCATCGCT GICTGCGACG 

874 

BCXI Gnkcr HtPcPg 
GCCACCTOAT CAGOCTACCC TTTGCAAAAA GCTT-3* 



wherein A is deoxyadenyl; G is deoxyguanyl; C is dcoxy- 
cyticfyU and T is thymidyi 
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The n-ototvoe BK eahaacer is defined by *e three 
J^Lf S«^^«=»^ ^ the.seqnence above «id 

respect to an ^ijaceat 
dte^entation. lb bring the enluncer. rwie 
Sc T^^tte third lepeat (whidi depMds on *e 
SciS rf«teBKeoh«^doscrto.hey «dof the 
SSrieSoii of the adenovina-2 late pwmoter, «b«« 82W 
S^SedplaanridpBLcatDNAin "Ojdombuto 
jffi, 20 pi of 3X Bal31 «««« ^0;^ 

?S^Haptt=8-l: O^M Naa a06 M CaO,; and 5 mM 

PO Box 1363, New Haven, Conn. 06506). The 
wSiSatedisO* C for aboota 

S^BaD^digested DNA was collected by ethanol pr«^ 

■^Klenow-trcatedDNAwasre^spen^m 10 pl^ 

buffer, aboat 1 Vi'^^P^T^f'^-^S^^ 2 
«# iv Hffase buffer iwing T4 DNA ai» «» 
litKsS^ "8»*«» ^NA was u?ed to trans- 
fa™T«»C^mi01. and then the ttanaftaniaata w«e 

fteCAAT redott of the adenovirus late pionwttt One 

plasxnid pBalScat PUsnad P^^**\!l "I^T^^ pias- 
.he ^xession i^^,^",^ 

S^SsSs^^rcSS^s^:^ 

'-'^SS^rr^ win recognize that *e fore^ 
nrSSS^a BBmber of distinct plasniids, of whuA 
S^BWLillus,iadve.Ttoeplasnud^ 

placing the BK enhancer at a v«ieqr "^J^"^ 

S^K^l'SS£f<?^i^^ 

^^ancer. which can be «*^fl"??8 

l^dure or others known to those skiltel m &e arU^ 

SS^vriS any BK enhancer and any enkaryodc pronwtci: 

EXAMPLE 18 

Construction of Eutaryotic Host Cell 
Tiansfonnants of the Expression Ve<an of the 

Present Invention and Determination ^ 
R«S^ Gene Expression Uvels m Those 
Transformants 
An iniportant aspect of the presentinvea^ncon^ 
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paxticolar type of adenovirus can be used to siq>pty the HIA 
gene product in the method of the present inven^on) and are 
availaUe from the ATCC under the accession number CRL 
1573. However, the e^qxcsston vectors of the present inven- 
tion function In a wide variety of host cells, even if the ElA 
gene product is not present Fuxthexmore, the ElA gene . 
product can be introduced into a non-ElA-produdng cell 
line either by transf<mnation with a vector of the present 
invention that compiises &e EIA gene, such as plasmids 
pLPCElA and pLFCElAl, or with sheered adenovirus 
DKA, or by infection with adenovirus. 

The transformation procedore described below refers tx> 
293 cdls as the host cell line; however, the procedure is 
generally r^plicable to most enkaryotlc cell lines. A variety 
of cell lines have been tiansfoimed with the vectors of the 
present invention; some of the actual tcansformaats con- 
structed and related information are presented in the Tables 
accompanying this Exaix^>i& Because of the great nimiber of 
expression vectors of the jsesest invention, the transfbmia^ 
tion procedure is desedbrd geamrally, and the actual traos- 
fcrmants constructed are presented in the Tables. 

293 cells are obtained from the ATCC imder the accession 
number CRL 1573 in a 25 mm^ flask containisg a confluent 
monolayer of about 5.5x10^ cells in Eagle's Minimum 
Essential Medumi with 10% heat-inactivated horse serum. 
Tise flask is incubated at 37** C; medium is changed twice 
weekly. The ceQs are sub-cnltnred by removing the mrrfinni, 
rinsing with Hank's Balanced Salts solution (Gibco), adding 
0.25% trypsin f<s 1-2 minutes, rinsing with fnsh medium, 
aspirating, and dispensing into new flasks at a subcultivation 
ratio of 1:5 or l:ia 

One day poor to transformation, oeUs are seeded at 
0.7x10* cdls per dish- The medium is changed 4 hours prior 
to transformation. Sterile, etbanol-predpitated plasmid 
DNA dissolved in TE buffer is used to prq>are a 2x 
DNA-CaQj solution containing 40 jig/ml DNA and 250 
mM CaClj. 2x HBS is prepared containing 280 mM Nad, 
50 mM Hopes, and U mM sodium phosphate, with the pH 
adjusted to 7.05-7.15. The 2x DNA-Cad^ solution is added 
dropwise to an equal volume of sterile 2x HBS. A one ml 
sterile plastic pipette with a cotmn plug is inserted into the 
mixing tube that contains the 2x HBS, and bubbles are 
introduced by blowing while the DKA is being added. The 
caldum-phosphate-DNA preci|)itate is allowed oo fcnn 
wifliout agitation for 30-45 minutes at room tenq}erature. 

The predpitalc is then mixed by gentle pqwtting with a 
plastic pipette, and one ml (per plate) of prec^dtate is added 
directly to the 10 ml of growth mrdirnn that covers the 
rec^ent cells. After 4 hours of incubation at 37* C, the 
medium is replacrd with DMEM with 10% fetal bovine 
serum and the cells allowed to incutate f<x an additional 72 
hours before providing sclecdve pressure. For transfoimants 
expressing recombinant human protein C the growth 
medium contained 1 to 10 pg^ml vitamin K, a cofactor 
required f<a Y-carbaxylation of die protein. For plasmids that 
do not conqnise a selectable madcer that fhnctlons in 
eukaryotic ceUs, the transfotmaiion procedure utilizes a 
mixture of plasmids: the expression vector of the present 
invention that lades a sdectabie marks; and an expression 
vedor that con^rises a selectable marker daat functions in 
euioryotic cells. This co-transfarmation tedinique allows 
for the identiflcation of cells that comprise both of the 
transforming plasmids. 

For ^''H* transfectcd with plasmids containing the hygco- 
mydn resistance-conferring gene, hygromycin is added to 
the growth m*^'"" to a final concentration of about 200 to 
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400 ^xg/mL Tlic cells are then incubated at 37** C far 2-4 
weeks with mcdiiini changes at 3 © 4 <lay intervals. The 
icsalting hygromydn-raistant colonies are transfcffcd to 
individual culture flasks for characterization. The sclccdon 
of ncwnydn (G418 b also used in^place of n eony dn)- 
xcsistaat colonics is performed in substantial accordance 
with the sdccdoa procedure for hygromydn-resistant cells, 
except that G418 is added to a final concentration of 400 
jigtol rather than hy gromydn. 293 cdls are dhfr positive so 
293 traasfonnants that containplasmids comprising the dhfr 
Kne are not sdccted sddy on the basis of the dhfr-positive 
phcnotype, which is the ahilily to grow in media that lacks 
hypocanthine and thymine. Cdl lines that do lacka ftino- 
tional dhfr gene and are transformed with dhfr-contaimng 
piasmids can be selected for on the basis of the dhfrf 
pheno^pe. 

The use of the dihydrofolate reductase (dhfr) gene as a 
selectable marker for introducing a gpne or jiasmid into a 
dhfr-dcfident cdl line and the subsequent use of methotr- 
exate to amplify the copy number of the plasmid has been 
wdl established in the literature, Althougji the use of dhfr as 
a sdcctablc and anqOifiahle marker in dhfr-prodiidng cdls 
has not been wdl smdicd, efficient coampfification in pri- 
mate cells requites an initial selection using a directly 
selectable marker before the coan^liflcatlon using meth^- 
exatcThe useof the present invcntiott Is not Kmitcd by the 
selectable marker used. Moreover; anq>Iifiable markers such 
as mf^n^^' ""«« genes, adenosine deaminase genes, or 
members of the multigcne resistance famay, exemplified by 
P-fflycoprotein, can be utilized. In 293 cells, it is advanta- 
geous to transfcHm with a vector that contains a sdectahlc 
marker such as thehygromyda B resistance-conferring gene 
and then anq»lify using methotrexate, whidi cannot be used 
for direct selection of murine dhfr-containing plasnnds ui 
293 cefls. The levds of coamplification can be measured 
using Southern hybridization or other methods known m the 
art Tables 7 and 8 display the results of coan^jlification 
experimcttts in 293 cells. 

TABLE3 



Exprenbn Level (a« amfuxed hf 
amount of e9 " ' 
ExpcenedOeoQ cdlmoda) 



{LPQxrsi FtotsmC 
pLPC4 PiotmaC 



iLPCS 

iJLFCbdl 
pbcfXPA 



ProtBA C 
eiaC 



TEA 



Oa-*^ m^lO^ ccfli/cfay. 
0a-4.0M^l0*cdlj/diy, 

^yjtli phsnkl pSV2faT8' 

ii^lCr ceUsAky; ujuuisfuuued 

in a ixtniese'uny amtfactBd 24-36 

IJS p9flC^ eeUi, if tfaa VAjeas 
piodact is pretent ta the hoit oeQ tod 
flbottt lO-&il letf i/oDL Stihio 
uuii II II \mr\n pwduco itoa IMS wg^ 
4 X 10* cdb/day. 



TABLE 4 

pUmd BxytmiGeoc Expit»«ipnLcrvd 

rLPChfH ftotwnC 0003-0^ waO**^. 
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lABLE 4-coiitmued 



Plaanid Expre»dGcae ExpwwnLw*! 



VlX4 ftoteinC 




pLPCa PtofieiaC 


cotmufupped withpbuntid pSV2fas^ 


^ 0025-018 ps^lO^cells^, 




ootraiafaiiued with pJiaooid fSVTbjg, 



TABLE 5 



Rela^ Xmb of Chknmpbaiicsfil Acetybtnoa^^ 
(C-^ PiDchioed by Rnrfrn i hi i um Pbsnids ia Various Wnm^, 
*nd Montey E Aiey Ceg t w« 

Balariwe Level* of CAT m Cell t,?»^ 

293 cOS-1 
(AICC (ATCC . MK2 

PiMmid CRL1573) k8l6-t« CRLldSO) (XTCCCCLT) 



pLPeat 


QS7 


0.16 


0.18 


006 


pSV2cat 


1 


1 


1 


1 


pBTiCat 


10.4 


2.7 


1.4 


1.3 


pSBLcat 


3^ 


3.4 


3.4 


IS 




0^ 


3^ 


NT 


105 




17 


IJ 


NT 


U 



•^v«laci fiar tha editiw lOTds of CAT piahttrf ID 

byed oa tfao kvel of CAT to plMmid pSV2cat M unity m th« 

point. ND 3 not deteetod. NT not twtDd. Ftaanid ^«g r^T u amlogous to 
a293 cell line produoes BlA. T3» COS «ad m6^ coU Ibcs pcoduee T 



-^1^ cdli woe pwpaed by irwiffeima^ 
arffa^»iaaHaid.d«ignitodpMKlfi, 8^16 (ohninod fiora Y GhmaaiL 

^n^bcatocBL This eell One ooostttathely pndises the T antigen of SV4a 
Tlio k816-4 cell las ii eaaeadiOy tba same as cell Uaft SVU tad STV^O- 
^^^^^^^^^dtm:«b^byKO, Majoi; Pdyomamw^ 
JodHTONttTO Di>«« (Alan R. taa. fiic, N.Y 1993. edi D. 



TABLE 6 



^Relalho Lanh of Chlamspbeniool AcetylitfnBu&me (CAT) 
ftodioed^ RfioambmaoiPlasnidim Aliens Hnxian and Mnkey 
Kxbey CeU Lbes Gozxecfiod ftir Reladva OiflbcTO tt 
P*mid Copy Nmnber 



Relative Level* of CAT in Ceg Upc 



Pluaud 


293 


Ic816-i 


MK2 


pLPlns 


018 




0015 


pSV2cat 


1 


"Zl 


025 




12.6 


3J 


033 



n3» vahiea fir tha raJativ* IswU of CXr prodawd in each oe^ 
eofwaed by dlvidaQs *1» fcvel of CAT in the cefl lysaie by the anoust of 
plamd DNA, u datenniaad by hybridizatioa inalysia, in the same eeU 
lyMln. tto cocrectBd value for plasnid pSV:^ m 293 cells wn taken as 
nnity. 
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TABUB7 










ad nuttaUy laJectBd fiir bygioiDTCin r 




Lofvdaf 




Level of HPC 






(Dgnc^ cells) 


0 




573 


0jQ5 




1794 


02 


SCOi' 


3736 


04 


32 


335 


08 


33 


325 


U 


58 


161 


3^ 


44 


310 



- TABLES 

Lenrd of HFC ia danes aelected fbr snwth in iaoeuiQg tovnli of 
metfaotnexatp fePowipg initfcU aetection with hygomveia (A) ot 04i8 fB^ 

HFC (pt/i(f<»risM^ymMrxm^\ o<^ 

. Oja5 04 0L2 04 03 L6 3^ 5j0 10 



PooiUlS 370 210 160 290 

-1 1320 310 370 150 350 360 

-10 2170 220 370 UO 20O 

-35 1520 210 200 

-26 1300 240 460 150 160 

-37 2400 470 630 530 580 

-21 1100 1700 3100 3450 2060 1100 6S0 

21 aubdones 

21-1 41X 
31-2 4300 
21-3 UIO 
. 21-4 2970 
21^ 4130 
21-6 2830 
21-7 1130 

21-IOlKl 5790 
21-10-3 4700 
. 21-iab-3 12175 
21-101H4 11155 
. 21-10b-5 10235 
21.iab-6 8490 
21-10-7 <20 
2a.l(te-7 4990 
21-lOb.lO 9S00 
21-10-2 1703 
B« 315 600 3200 

Pool 0915 
Subdenea 

bdA6 37000 
lKiA4 22250 
Al 40000 
A2 33750 
A3 44250 



*dei)oces co(nxu&ctioii wx& plasnidj pLFCbd aid pSV2Deo. 

EXAMI1B19 

CeUliae AV12 (ATCC CRL 9595) can be transfonncd in 
substantial accordance with the procedure desczibcd far 293 
cells in Example IS. However, unlike 293 cells, AV12 cells 
can be directly selected with methotrexate (200-500 oM) 
when transfoimcd with a vector containing the murine dhfr 
gene. Table 6, below» illustrates the advantages of producing 
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a 'f-catbcxylated protein« in this instance, activated hnmmt 
protein C in an adenovizns-transfonned host cell. The 
tnuufonnasts were selected using hygromycin B or meth- 
otrexate; transfomsants produced -2 to 4 fig^ of human 
protein C. ftotein C leveis can be increased to -10 }tg/ml by 
anqilificatioa with mcthotraate. The protein C was acti- 
vated and its activity determined as descdbed in Gnnnell et 
aL, 1987, Bio/Technology 5:1189. Activity values are based 
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on an acdviQr of 1.0 for hmnan plasma proCem. Tbe activities 
are exp ressed in ratios of activated 'partial thromboplastin 
time (AFTT) over amidolytic (serine protease) activity or 
amount of protein C antigen (ELISA). 



TABLE 9 



J^mjiinAl Activity of ftotBiQ C Produced ID 
AdenoTUTu^Rn&ftjixiiBiJ Celt I#nies 


CallliiM 


APtirAfflidoIrtie 


APEDEUSA 


793ifiXbd 


L2-U 


lJ-1.7 










nd 


IQ 


SV2C^LFCbd 


od 


035 



ndapot determtnrri- SAT md SV3Q am Smmhmatef eeglm t mrihtwt.^ 
widi siauaa adcxmims 7 ood omitn Yinu 20^ respectively. 



Table 9 shows that the recombinant protein C activiQr 
produced in an adenovxrns-transfamed host cell is at least as 
active as that found In hnman Uood. In son-adenovinis- 
transformed host cells, the anticoagnlant .activity of the 
recombinant proton C prodaced never exceeds 60% of the 
activity of hmnan blood-derived protein C 

. E3CAMPLE20 

Constraction of Plasmids p4-14 and p2-5, Flasmids 
that Encode the l^artite Leader of Adenoviins 
Fbsmids p4-14 and p2-5 both utilize the inqnoved 
BK-cnhancer adenoviras late promoter cassette of plasmid 
pBalScat and the tr^aitite leader of adenoviras to drive high 
level expression of human protein C in eukaxyotic host cells. 
Tbe DKA encoding the adenovirus lrq»artite leader (TRJ) 
was isolated firom adenovirus; numbers in parentheses after 
restriction enzyme cut sites refer to map units of adenovirus. 

Plasmid pUC13 (ccamnerdaUy available firom BSL) was 
digested with lestiiction enzymes SphI and BamHI and then 
ligated with the TPL-cncoding -72 ib SphI (5135).BcII 
(12301) restriction fragment of adenovirus type 2 to yield 
plasmid pTFL4. Part of an Intron was deleted from the 
TEL-enooding DNA by digesting plasmid pTFL4 with 
restriction en^mes Saul (7616) and BgDI (S904), treating 
with Klenow enzyme, and rcligating to yield plasmid 
pATFL. Plasmid pATFL was then digested with restriction 
enzyme Xho^ and the -2.62 ]d> Xhol fragment encoding the 
TPL (Xhol sites at 5799 and 9689 of adenovirus) was 
isolated and prepared for Hgation. 

Plasmid pBLcat was digested with restriction enzymes 
Xhol and Bdl and dien ligated with the linker: 
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S'-OATCAC 
II 

TGACCr-O* 



«<»qovina late promoter on plaanid pBLcat with a,^ Hni,^ 

eazynie XhoIaKl Hgaurf Witt, fl„ .2.62 to^ 

^'«»idP™ to jieldpUsndd pBAL-TH, in 
ttie m^ncwHng fragment is coirectty poaitloaS to 
puce the BKohaiMa; adenovinismqorlatc prmnotH; and 
iPLin alignment fer eqaeuion of Hie CAT gene. 

Haamid pZ-S was then constracted by ligatinK these 
to^fflts: (l)llieAatlI.Bcar«iietioBltagiaSof llasi^ 

rZ^l' C2) the jiotein 

l-;«ncodij^ Bdliestnction ftagmeat of 

pBAL-TPL; and (4) the BK<ahance^Ad2MLP- 
encoding Pvnn-Aatll restdctlan fiagment of piaamid 
pBaUctt Hasmid p(2-5 thns contains the dhfr gaeaTa 
'°9V&^le madxt and the BK enhancer 
J^OML^, and Ad2m. cetrectly positioned to drive omres- 
sion of human protein C 

Hasmid p4.14 is analogons to plasmld pZ-5 but was 
°S''fS2?"' "* intetmedite plasmid designated 
gBaOTTL Hasmid ifiaism was constructed by %tfina 
fasnents 1, 3. and 4, used in the eonstmction of plasmid 
oSlii^*""^ ^ ^ preceding paragraph. Hasmid 
pflalSTPL was then digested with restriction enzyme Xhol 
treated wjttlOenow enzyme to make the Xhol ends bhfflt- 
Mded and then ligated with the famnan protein C-encoding. 
Henow-treated Bdl restiiecion fragment of plasmid 
^□■Caatn yield (iaamidp4.14. Thus, i»Iasmidp4-14 only 
^ates fromphwmid p2-5 in tiiat the protein C-encodinB 
OMA was insetted at the Xhol site in the fragment derived 
awa plasmid pBAL-TFL, whereas in plasmid pZ-S, this 
DNA was inserted at the Bcff site in tfic DNA derived from 
plasmid pBAL-IEL. 

Hasmid p4-14 and p2-5 drive high-level expression of 
•innM proteu C In AVI2 cells, plasmids p4.14 and pZ-S 
"^8 200-300 nM methotnwte. 
^12^14 transfennants, before an?)Iification. express 
3-0 Hmes more human protein C than AVlZ/pLPCdhfr 
transfotmants. An^liflcation with methotrexate tether 
uwea«s the amount of human protein C produced by the 
ccm. Hasmids p4-14 and p2-3 are thus illustrative of the 
nigfier cxpiBsjion levels achieved using the TPL aden- 
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